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The present thes is i s based on the research work carr ied out 
by the author since February 1970. All the work has been done in 
India, mainly a t Aligarii. The contents of the thes i s f a l l under 
five ca tegor ies . Summary of the r e su l t s i s as follows: 
Techniques : 
A handy device for se lec t ive picking of vermiform nematodes 
from aqueous suspension was developed by using a vaqupet rubber 
bulb which provides control led suct ion . Another device, which 
was l a t e r modified, also developed where a continuous suction 
was obtained with the help of an a s p i r a t o r . Besides, Hesling's 
device, which was o r ig ina l ly designed for picking of nematode cysts 
from dry debr is , has been modified to s u i t for se lec t ive picking 
of vermiform nematodes from aqueous suspension. 
An apparatus was designed for picking nematode cysts from dry 
debr i s . 
A modification in the design of Oostenbrink's e l u t r i a t o r 
model I I I has been suggested by providing a siphon tube in place 
of the o u t l e t and the level ind ica tor for minimizing e r r o r s . 
A method has been developed, where a meta l l ic sieve i s used, 
for evaluating accurate nematode-toxicity of chemicals. This helps 
in the transference of a l l the nematode specimens a t a time without 
dis turbing the concentration of the chemical. 
A method for ra t ing the degree of root-knot development was 
described. I t used the data of percentage of plant infect ion as 
well as percentage of root in fec t ion . The l a t t e r was calculated 
by weighing the galled port ion of roots and the whole roo ts , 
A simple procedure has been described for measuring leaf 
a rea . I t requires t racing the out l ines of the leaf on a paper 
which is then cut and weighed. The weight i s then transformed to 
the area by ca l ib ra t ion with the weight of the paper piece 
n 
measuring 100 cm . 
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A method was standardised for determinining the ra te of water 
absorption by p lan t roo t s . A f lask was p a r t i a l l y f i l l ed with water 
and weighed. Then a seedling is placed in the flask with roots 
dipped in water. After the required time period the plant i s 
taken out and the amount of water loss determined. Amount of water 
l o s t from the f lask having no p lant was deducted from the amount 
of water l o s t from the flask having plant to determine the actual 
amount of water absorbed by the roo t s . 
Hosts, p lan t react ion and cropping : 
During survey, many new hosts of root-knot nematodes were 
recorded : A8 for MeloidoCTne incognita and 16 for M. jayanica. 
Besides, some plants were recorded hosts of these nematodes for 
the f i r s t time from India: 8 for M, incognita and 17 for M..1avanica. 
The degree of p lant react ion to these nematodes was also recorded. 
Sixty e ight economically important p lant species were tested 
under field condition for t h e i r react ion to M. incognita. 
Rotylenchulus reniformis, Tylenchorhynchus brass icae , Pfoplolaimus 
indicus. Helicotylenchus indicus, Tylenchus f i l i formis and 
Trichodorus mirza i . These p lants were rated as poor, moderate or 
good hos t s . Similarly 9 species of Amaranthus were screened against 
Ii« incofj^nita and R, re ni form i s . Only one species showed highly 
r e s i s t a n t and one r e s i s t a n t react ions to M, incogni ta . 
Fourteen v a r i e t i e s of eggplant, 14 of pepper and 7 of okra 
were screened against M. incognita; 3 var . of eggplant and one of 
pepper showed highly r e s i s t a n t reac t ion . In case of tomato, 42 var, 
were screened where 5 were highly r e s i s t a n t to the nematode. In 
case of wheat, 79 var . were tes ted against Anguina t r i t i c i ; 7 var , 
were highly r e s i s t a n t and 5 were moderately r e s i s t a n t . 
Results of the experiments with 47 d i f ferent cropping sequence 
of vegetables, ornamentals, ce rea l s , fodder crops, o i l crops, pulse 
e t c . indicate tha t growing susceptible crops consecutively or 
monoculturing increase the population of nematodes to noxious 
l e v e l s . Fallowing, and growing marigold and some other plants 
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reduced nematode populations considerably, ifewever, no individual 
sequence was found to be equally effect ive agains t a l l the nematodes 
present in the s o i l . Similar r e su l t s wer« also obtained in an 
experiment where only ornamental p lants were included in various 
cropping sequences. Population growth pa t te rn of M. incognita and 
T. brassicae on chickpea was found to be great ly influenced by the 
preceding crops. In another experiment the changes in the 
population of T, brassicae were found to be re la ted to pre-plant 
dens i t i es of the nematode as well as the crop. 
There was high population build-up of p l a n t - p a r a s i t i c nematodes 
on lemon grass and pomegranate from February to May and again in 
September. There was a def in i te cor re la t ion hftJtwieh n^mjitode 
populations and the s o i l moisture. The populations were more a t 
higher s o i l moisture levels whereas i t declined during dry per iods . 
High as well as low temperatures a lso had adverse effect on 
nematodes. 
In tercul ture of mustard (Brassica campestris) and rocket-
salad CSruca s a t i va ) with wheat and barley, neem (Azadirachta 
indica) with tomato, eggplant, cabbage and cauliflower, and 
marigold (Tagetes e rec ta ) with c h i l l i , eggplant, cabbage and 
cauliflower reduced s o i l populations of commonly occurring nematodes. 
Similar r e su l t s were also obtained with X, minuta, T, lucida and 
T, tenulfol ia against M, incognita and R, reniformis on tomato 
and eggplant, and T. brassicae on tomato, eggplant, 'cabbage and 
caulif lower, The^  control of nematodes was found to be due to 
the toxic nature of root-exudates of these p l a n t s , 
Nematicides and organic amendments : 
Signif icant control of M. incognita was obtained on eggplant, 
tomato and c h i l l i by bare-root-dip and fo l i a r spray treatments 
with Vydate oxamyl, VG-13 and Dazomet, As a consequence of 
nematode control the plant growth improved. Soi l appl ica t ion of 
these nematicides also caused s ign i f i can t reduction in the popula-
t ion of p l an t -pa ra s i t i c nematodes along with improvement in plant 
grov/th of c h i l l i , tomato, eggplant, okra, cabbage and cauliflower. 
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Similar r e su l t s were obtained with D-D, 1,3-D, DBCP, phorate, 
fensulfothion and dimethoate on the above crops and table beet 
in f i e ld . Studies were extended to evaluate the efficacy of these 
and some other nematicides agains t p l a n t - p a r a s i t i c nematodes 
associated with vegetables, ce rea l s , o i l crops, f ibre crops, spices, 
e t c , in f i e l d . 
fifficacy of a ld icarb and carbofuran against p l an t -pa ra s i t i c 
nematodes improved in deep ploughed f ie lds as compared to normal 
ploughed f i e l d s . 
In a pot t r i a l , oilseed cakes of mahua (Madhuca indica) , 
cas tor (Ricinus communis), mustard (Brasslca campestr is) , neem 
(Azadirachta ind ica) , peanut (Arachis hypogaea), and bone meal and 
horn meal brought about s ign i f ican t reduction in root-knot 
development caused by M. incognita with a consequent increase in 
p lan t growth of tomato, eggplant, c h i l l i and okra. Similar resu l t s 
were also obtained with oi lseed cakes on spinach and di f ferent 
v a r i e t i e s of tomato in f i e l d . Oilseed cakes singly or in combi-
nations were found highly eff icacious against p l a n t - p a r a s i t i c 
nematodes on tomato, eggplant, c h i l l i , okra, cabbage and cauliflower 
in f i e ld . Excepting mahua cake, which was phytotoxic or near-
phytotoxic to a l l crops excepting eggplant, other cakes improved 
plant growth s ign i f i can t ly . However, when mixed with other cakes, 
mahua cake l o s t i t s phytotoxic i ty . The s tud ies , done under 
d i f ferent s o i l and cl imatic condit ions, es tabl ished tha t the 
efficacy of the oi lseed cakes was consis tent in d i f ferent growing 
seasons (winter and summer) as well as a t d i f fe ren t s o i l pH and 
organic content . 
Efficacy of some nematicides was also compared with the 
efficacy of organic amendments against p l an t -pa r a s i t i c nematodes 
on t r i t i c a l e , spinach, tomato, potato and j?adish. Their beneficial 
effects with respect to suppression of nematode populations 
pers is ted even a f t e r a lapse of s ix months. 
Application of nematicides and oilseed cakes to nursery beds 
was found to be highly sa t i s fac to ry in cont ro l l ing p lan t -pa ras i t i c 
nematodes on several perennial as well as annual p l an t s , 
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Application of bone meal in f ie ld considerably reduced 
populations of p l an t -pa r a s i t i c nematodes on twelve d i f fe ren t crops. 
Sawdust of mango (Mangifera indica) s ign i f i can t ly reduced 
populations of p l an t -pa r a s i t i c nematodes on ca r ro t , radish, table 
beet , turn ip , wheat, barley and linseed in f i e l d . The nematode 
populations gradually decreased with increasing dose of sawdust. 
There was further decrease in nematode populations in presence of 
ammonium sulphate . Sawdust a t a l l carbon levels increased the 
yield of d i f ferent crops excepting turnip where higher doses of 
C were phy to tox ic . The yield of d i f ferent crops improved further 
when ammonium sulphate was supplemented with the sawdust. The 
benef ic ia l effects of d i f ferent treatments pers i s ted in the follow-
ing season when okra was grown a f t e r l inseed. In a s imilar study, 
sawdusts of mango and neem (Azadirachta indica) reduced root-knot 
development caused by M.incognita and mul t ip l ica t ion of 
R. reniformis on tomato and eggplant, and ^ , brassicae on cabbage 
and caulif lower, Neem sawdust was found to be more efficacious than 
mango sawdust. 
Soil amendments with plant wastes of several weeds and c u l t i -
vated plants s ign i f ican t ly suppressed nematode populations and 
improved plant growth. Soil amendment with chopped plant par t s of 
water hyacinth (Bichhornia c rass ipes ) as well as b^re-root-dip 
treatment in i t s ex t rac t s have s ign i f ican t ly control led M, incognita 
and R, reniformis on tomato and eggplant, and ^ , brassicae on 
cabbage and cauliflower with consequent improvement in plant growth, 
l ixtracts of water hyacinth were also found to be highly toxic to 
these nematodes. 
Soil amendments with chopped shoot par t s of la tex-bearing 
p lan ts , v i z , , Artocarpus heterophyllus. Carlca papaya. Flcus 
car ica , F, e l a s t i c a . F, glome r a t a . Ipomoea f i s tu losa . Nerium 
odorum and Tabernaemontana coronaria s ign i f i can t ly controlled 
M, incognita and R, reniformis on tomato and eggplant, T, brassicae 
on cabbage,cauliflower, and general population of p l an t -pa ra s i t i c 
nematodes on tomato and eggplant with consequent improvement in 
plant growth. Water ex t rac ts of these la tex-bearing plants were 
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highly dele ter ious to Hop, indicus , R. reniformis. T. brassicae and 
M.incognita and inhibi tory to l a rva l hatching of M. incognita . 
Seed dressing with plant l a t i c e s of Calotropis gigantea. 
C, procera. Euphorbia m i l i i . E. n e r i i f o l i a and E. t i r u c a l l i 
s ign i f i can t ly inhibi ted root-knot development caused by M.incognita 
and mul t ip l ica t ion of R, reniformis on tomato, eggplant and okra 
and T_. brassicae on cabbage and caulif lower. The l i t e r a t u r e on 
the po ten t i a l of plant l a t i c e s in nematode control has a lso been 
reviewed. 
Bare-root-dip of cabbage and cauliflower in leaf ex t rac t s of 
neem and a re la ted species Persian l i l a c (Melia azedarach) were 
found highly sa t i s fac tory for cont ro l l ing T. b rass icae . This 
treatment also improved plant growth and water absorption 
efficiency of r o o t s . Seed dressings with the ex t rac t s of neem and 
Persian l i l a c s ign i f ican t ly control led M. Incognita and R.reniformis 
on tomato, eggplant and okra. Similar r e su l t s were obtained by 
seed dressings with azadiracht in and nimbin, two t r i te rpenoids 
from neem. 
Experiments were also conducted for determining the mode of 
act ion of organic amendments aga ins t p l a n t - p a r a s i t i c nematodes. 
Seedlings of tomato, eggplant and c h i l l i , raised in the s o i l 
t reated with oilseed cakes, allowed fewer larvae of M. incognita 
to penetrate into t he i r roots ; t h i s followed reduced roo t -ga l l i ng . 
This 'acquired ' res is tance by otherwise susceptible hosts was 
a t t r ibu ted to greater concentration of phenols in t reated p l a n t s . 
Similar r e su l t s were also obtained in knol-khol against 
T_. b rass icae . During decomposition of oi lseed cakes subs tan t ia l 
amount of ammonia was released, which was found to be highly 
detrimental to nematodes, both _in v i t r o and iri vivo condi t ions . 
Water soluble fract ions of undecomposed as well as decomposed 
oi lseed cakes were highly deleter ious to p l a n t - p a r a s i t i c nematodes 
and inhibi tory to l a rva l hatching of M. incogni ta . The tox ic i ty 
increased with increasing decomposition period. Two chemicals 
from neem, v i z . , nimbidin and thionemone a lso showed high 
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nematicidal p rope r t i e s . Analysis of oi lseed cakes revealed the 
presence of formaldehyde and phenols in subs tan t i a l amounts which 
were found to have high nematicidal a c t i v i t y . The tox ic i ty of 
phenolic compounds was found to be re la ted to t h e i r r e l a t ive 
posi t ions of hydroxyl (-0H) groups. Soil appl ica t ion of phenolic 
compounds in low concentration s ign i f i can t ly control led p lan t -
p a r a s i t i c nematodes. 
A comprehensive bibliography on " organic amendments in 
nematode con t ro l " has also been presented. 
Pathogenicity and in t e r r e l a t ionsh ips : 
Plant growth as well as water absorption by roots was 
s ign i f i can t ly retarded due to infect ion by M,Incognita in tomato, 
R, renlformis in tomato and cas tor , and T, brassicae in cabbage, 
cauliflower and knol-khol. 
Study per ta ining to s e l f - i n t e r a c t i o n of M, incognita revealed 
tha t l a rva l penetrat ion of subsequent inoculat ion v/as retarded in 
plants pre-inoculated with d i f fe ren t inocula. Higher i n i t i a l 
inocula and longer pre- infec t ion period brought about more inh ib i -
t ion in l a rva l penetrat ion of the subsequent inocula t ion, 
M. incognita and T, brassicae reduced p lant growth of tomato; 
the former being were damaging. There was further reduction in 
plant growth when both the nematodes were inoculated simultaneously, 
However, M. incognita inhibi ted mul t ip l ica t ion of T, b rass icae . 
Similarly, in another experiment, M, incognita was found to be 
antagonis t ic to Hop, indicus . 
Root-rot fungus, Rhizoctonia solani and the nematodes, 
M. incognita. R, reniformis and T, brassicae s ign i f i can t ly reduced 
plant growth of tomato, eggplant, c h i l l i and papaya when inoculated 
separately, however, a synergis t ic effect was observed in plants 
inoculated with the fungus and e i t he r of the nematodes. Similar 
trend was noted in case of reduction in water absorption capabi l i ty 
of roo t s . The presence of the fungus, on the other hand, had an 
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antagonis t ic ef fec t on the mul t ip l ica t ion of the nematodes. 
Similar r e su l t s were also obtained in okra inoculated with R.solani 
and/or M.incognita and R, reniformis. 
Spinach mosaic vi rus and M. incognita separately caused a 
reduction in the fresh weight of sugar beet , the former being 
more inhibi tory to the p l a n t s . Virus in combination with the 
nematode resul ted in a greater loss in plant weight than expected 
by adding together the independent ef fect of the two organisms. 
Galling per p lant as assessed by root-knot index was less on 
v i rus infected plants than on non-infected ones, but there were 
more ga l l s per gram of root on v i rus infected plan-^s ( i , e , root -
knot index re la ted to root weight) . Similar ly, the virus in 
combination with T, brassicae resul ted in a grea ter loss of p lant 
weight than expected from independent effects of the organisms. 
At the end of the experiment there were more T, brassicae in pots 
with non-virus infected plants but population dens i t i e s per gram 
of root were s imilar in a l l po t s . 
Similarly, M, incognita and tomato mosaic virxis together caused 
more damage to tomato plants than a lone. However, both of them 
were antagonis t ic to each other . The domination of one over the 
other was dependent on the time of i t s establishment in tomato 
p l a n t s . More establ ished pathogen caused more inh ib i t ion to the 
other pathogen. 
A comprehensive review on ' i n t e r a c t i o n between p l an t -pa ra s i t i c 
nematodes and plant v i ruses ' has been presented. 
The book - " Nematode Blo-Control; Aspects & Proapecta : 
The book has been edited by M,S. Ja i ra jpur i ,mysel f and 
I . Ahmad. More than 509^  of the book has been wri t ten by me as 
a single or as a j o i n t author . 
Chapter 1 and preface of the book are introductory in nature 
while Chapter 2 has discussed the various control s t r a t eg i e s of 
nematodes. Chapter 3 gives broad out l ines of b iological control 
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of nematodes. Antagonistic p lants in general and neem in p a r t i -
cular have been discussed in Chapters 4 and 5 respec t ive ly . 
Similarly Chapters 6 and 7 give deta i led account of nematode 
destroying fungi, and Paecilomyces l i l ac inus which in recent times 
has gained much a t t en t ion of workers. The j?emaining Chapters 
(nos. 8-13) have been wri t ten by others and are devoted to 
microbial pa ras i t es and predators , predatory nematodes in general, 
predatory mononchida, d iplogaster id predators , predaceous dorylaims 
and predaceous s o i l i nve r t eb ra tes . 
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INTRODUCTION 
The word nematode i s der ived from the Greek r o o t NEMA, which 
means a ' t h r e a d ' . I t i s combined with the s u f f i x DID, which means 
• l i k e ' . Thus a word N£MATOID i s coined which a f t e r mod i f i ca t ion 
has become NEMATODE (Ayoub, 1980), Nematodes o r nemas a r e m u l t i -
c e l l u l a r inver tebra tes which belong to the zoological phylum 
Nematoda. These are conventionally defined as mul t i ce l lu l a r , non- ' 
segmented, usually vermiform animals showing a basic b i l a t e r a l 
symmetry and possess a pseudocoel - a body cavi ty not lined with 
an e p i t h e l i a l mesentry. They pa ras i t i ze both p lants and animals. 
P lan t -pa ras i t i c forms are a lso cal led as eelworms. 
Nematodes are said to be 'ubiqui tous ' because they are found 
not only in the s o i l but a lso in fresh and s a l t wa'ter wherever 
organic matter e x i s t s , from the a r c t i c s to the t rop ic s , and from 
the ocean depths to the tops of high mountains (Thome, 1961). 
Besides, they are so numerous tha t Cobb (1914) once opined, 
" . . . i f a l l the matter in the universe except the nematodes were 
swept away, our worldwould s t i l l be dimly recognizable . . . . we 
would find i t s mountains, h i l l s , va l l eys , r i v e r s , lakes , and oceans 
represented by a film of nematodes" . Out of t o t a l known species 
of nematodes, about 50?i are marine, 2536 free l i v ing , 10% p l a n t -
p a r a s i t i c and ^5% an imal-paras i t ic forms (Ayoub, 1980), Plant-
p a r a s i t i c and f ree- l iv ing forms are grouped as s o i l and fresh-
water nematodes, 
BRIEF HISTORY i 
Histor ica l records show t h a t animal-pairasitic nematodes were 
known to ancient people. An Egyptian wri t ing, the Eber papyrus 
(1553-1550 B.C.) has reference to the large i n t e s t i n a l round worm 
which was l a t e r named as Ascaris lumbricoides by Linnaeus. 
Hippocrates (430 B.C.) was the f i r s t to record the pinworm 
Enterobius vermicular is . The Greek philosopher Ar i s to t le (384-322 
B.C.) repeatedly mentioned animal-paras i t ic nematodes in his writings 
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Later, Pliny (23-79 A.D. ), a Roman, mentioned the dreaded aiinea 
worm (Dracunculus medinensis) which a lso had reference in early 
Egyptian wr i t ings . I t i s believed tha t the ' f i e ry serpents ' 
which attacked the I s r a e l i t e s , as mentioned in the Bible (the 
Old Testament, Numbers 21: 6-9) , were ac tua l ly the Guinea worms. 
The early awareness about the animal-paras i t ic nematodes was 
par t ly due to t h e i r large s i z e . The invention of compound micro-
scope during the ear ly 17th century, however, helped much in l a t e r 
b io logica l s t u d i e s . Thus, Borellus (I656) observed the f i r s t 
f ree- l iv ing nematode, the 'vinegar e e l ' (Turbatrix a c e t i ) . 
In case of p l a n t - p a r a s i t i c nematodes, c r ed i t goes to J .Turbevi l l 
Needham (1743), a Catholic p r i e s t of England for the discovery of 
Anguina t r i t i c i . the causal organism of the earcockle disease of 
wheat, while examining a port ion of shrunken, blackened seed ga l l 
in a drop of water under his primit ive microscope. He described 
his observations in the following words: 
" Upon opening l a t e l y the small black Grains of smutty Wheat, 
which they here d is t inguish from blighted Com, the l a t t e r 
affording nothing but a black Dust, into which the whole 
Substance of the Ear i s converted; I perceived a soft white 
fibrous substance, a small port ion of which I platced upon my 
Object -pla te : I t seemed tdcons is t wholly of longi tudinal Fibres 
bundled together; and you "will be surprised, perhaps, tha t 
I should say, without any l e a s t Sign of Life or Motion, I 
dropped a Globule of Water upon i t , in order to t ry i f the 
Par t s , when separated,might be viewed more conveniently; when 
to ray great Surprise these imaginary Fibres, as i t were, 
separated from each other , took Life, moved i r r egu l a r l y , not 
with a progressive, but twist ing Motion, and continued to do 
so for the Space of Nine or Ten Hours, when I threw them away. 
I am sa t i s f i ed tha t they are a species of Aquatic Animals, 
and may be denominated Worms, Eels or Serpents, which they 
very much resemble" . 
In recognition to his s tudies , Needham was elected a Ffellow of the 
Royal Society in 17A7, a t the age of only t h i r t y - f o u r . However, 
his work earned him a conf l ic t with Lazzaro Spallanzani, Professor 
of Natural History a t the University of Pavia in Northern I t a ly , 
who considered these worms as only dry f ibers which moved when 
water penetrated in to them. The reputat ion of Spallanzani was so 
great tha t Needham himself s t a r t ed doubting his own work. But 
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fortunately D.M.Roffredi and F.Fbntana l a t e r confirmed the 
findings of Needham. This was followed by the acceptance of the 
work by Spallanzani, The f i r s t taxonomic reference to the seed 
ga l l nematode was given by J.G.Steinbuch (1799). 
Goodey (1933) and Thome ( l96l ) believe tha t Shakespeare's 
words " Sow'd cockle reap'd no c o m " (Love's Labour's Lost, 1594, 
Act 4, Scene 3 , l ine 379) indicate tha t ear-cockle disease may 
have been known in the l6th century. But Southey (1972) has 
contested t h i s be l i e f and has proved tha t ' cock les ' or 'eai>-
cockles ' for Anguina ga l l s were not used before the mid-19th 
century, 
Berkeley (1855), the father of Br i t i sh Mycology, observed the 
" v i b r i o s " (the root-knot nematode, Meloidogyne spp. ) from the 
roo t -ga l l s of cucumbers grown in the glasshouse in England. 
Kahn (1857) discovered Ditylenchus dipsaci in the diseased heads 
of t ea se l , Dipsacus fullonum L, 
The economic importance of p l a n t - p a r a s i t i c nematodes was 
real ized for the f i r s t time by Schacht (1859) when he discovered 
the associa t ion of a nematode to the serious decline in the 
production of sugarbeet in Germany during mid-19th century. The 
nematode was l a t e r named as Heterodera schacht i i (the sugarbeet 
cyst nematode) by Schmidt (1871 ) . The l a t e r half of the nineteenth 
century saw several h i s t o r i c a l l y important developments in 
nematology in Europe, e . g . , Bastian (1866) wrote »" Monograph of 
the Angui l lu l idae" which in the words of Thome ( l96l ) marked 
the beginning of the science of nematology; Greeff (1872) noted 
Ditylenchus radic icola producing roo t -ga l l s in Poa annua and 
other grasses; Butschli (1873) gave detai led morphological 
descr ipt ions of f ree- l iv ing nematodes and he i s credi ted by 
Thome ( l96l ) for founding the science of nematology; Comu (1879) 
described MeloidoKvne marioni producing root ga l l s in Onobrychis 
sa t iva ; deMan (l884) wrote a c l a s s i c a l taxonomic monograph 
" Die einheimschen, f re i in der reinen Erde und im Siissen-^fesser 
lebenden Nematoden der Niederlandischen Fhuna" ; Goeldi (1887) 
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described M. exigna from Brazi l causing ga l l s on the roots of 
coffee. 
These landmarks in the development of nematology a t t r ac t ed 
many talented nematologists of the present century. Micoletzky 
(1922) compiled l i t e r a t u r e on s o i l and fresh-water nematodes 
and produced '• Die freilebenden Erd-Nematoden" . Fi l ipjev (1934) 
produced a book in Russian " Nematodes tha t are of Importance 
for Agr icul ture" . The English t r ans l a t ion of th i s work was l a t e r 
published under the t i t l e " A Manual of Agricul tura l HeLninthology" 
(Fi l ipjev & Schuurmans-Stekhoven,Jr., 1941), Tom Ctoodey published 
his f i r s t paper on nematodes in 1922, then in 1933 he wrote a 
book " Plant Pa ra s i t i c Nematodes and the Disease They Cause" and 
in 1951 " Soil and Fresh Water Nematodes". He was honoured with 
the Order of the Br i t i sh Empire. He was also elected a Fbllow 
of the Royal Society of London. Other European s c i e n t i s t s , pas t 
and present , who contributed s ign i f i can t ly to the science of 
nematology include Ditlevsen, de Coninck, Hofinanner, Menzel, 
Schneider, Franklin, Goffart, Ritzema Bos, T r i f f i t , J . B . Goodey, 
Jones, Weischer, Oostenbrink, Seinhorst , Luc, Lamberti, Vinciguerra, 
Geraert, Ellenby, Nordbring-Hertz, Jansson, Crol l , Kral l , Van der 
Laan, Stone, Evans, Kerry, Southey, Giebel, Loof, Gommers and 
many o the r s . 
The nematologists at tending the fhird In te rna t iona l Symposium 
on " Plant Nematodes and the Disease They Cause" (Wageningen, 
30 June - 5 July, 1955) approved the foundation of a new Journal, 
'Nematologica', the f i r s t issue of which was published in 1956 by 
E.J . B r i l l , Leiden. Thus the f i r s t Journal of i t s kind which is 
eJ<clusively devoted to plant and s o i l nematodes came into exis tence. 
Later two more journals from Europe, v i z . , 'Nematologia Mediterranea' 
(1973) and ^Revue de Nematologie' (1978) were s t a r t ed from I t a ly 
and France respec t ive ly . 
In the United S ta tes , Leidy (1851 ) gave f i r s t record of free 
l iv ing nematodes. Root-knot nematodes,Meloidogyne spp. were the 
f i r s t p l an t -pa ra s i t i c forms observed in the United States (May, 
1888). Others who were act ive in the l a t e r par t of the l a s t 
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cen tury were Atkinson (1889), Neal (1889), Halsted (1891), and 
Stone & Smith (1898) . However, the r e a l b reak- th rough in the 
development of nematology in t h a t country came by the r e s e a r c h e s 
of Nathan Augustus Cobb (1859-1932) who Joined the U.S. Department 
of Agr i cu l tu re i n 1907. He wrote a number of e x c e l l e n t papers on 
the taxonomy of d i v e r s i f i e d nematodes. He coined new t e rmino log i e s , 
v i z . , a m p h i d s , phasmids, d e i r i d s . Among h i s p u b l i c a t i o n s , 
" Con t r ibu t ion to a Science of Nematology" was most o u t s t a n d i n g . 
He proposed t h a t p l a n t - p a r a s i t i c nematodes and f r e e - l i v i n g 
nematodes be removed from helminthology and be ass igned to a 
s e p a r a t e d i s c i p l i n e " nematology" . Bes ides , he was of the view 
t h a t the word " nema" be s u b s t i t u t e d for " n e m a t o d e " , He was 
a l s o e x c e l l e n t in developing new techniques and equipment and 
wrote a l a b o r a t o r y manual " Es t imat ing the Nema Popula t ion of 
S o i l " in 1918. The enormous work c a r r i e d ou t by Cobb earned him 
the t i t l e of " Father of Nematology" i n the United S t a t e s . Chambers, 
who was a s s o c i a t e d with Cobb, produced e x c e l l e n t i l l u s t r a t i o n s of 
nematodes for the s c i e n t i f i c p u b l i c a t i o n s of Cobb. 
Bessey, an e a r l y contemporary of Cobb i n the USDA, worked on 
r o o t - k n o t nematodes. Cobb's o t h e r a s s o c i a t e s were C h r i s t i e , 
S t e i n e r , Chitwoods, and Taylor . There were many o t h e r s c i e n t i s t s 
i n the United S t a t e s who made va luab le c o n t r i b u t i o n s dur ing t h i s 
t ime, e . g . , Godfrey, Linford, e t c . S t e i n e r , who succeeded Cobb 
in 1932, got Dis t ingu ished Service Medal of the USDA on h i s 
r e t i r e m e n t i n 1956, His successor was Taylor who c o n t r i b u t e d much 
throughout h i s l i f e . He has died j?ecntly. " A n I n t r o d u c t i o n to 
Nematology" by B.G. and M.B. Chitwood (1937), " P l an t Nematodes, 
t h e i r Bionomics and C o n t r o l " by C h r i s t i e (1959) and " P r i n c i p l e s 
of Nematology" by Thome (1961) were c l a s s i c a l books on nematodes 
con t r i bu t ed by US s c i e n t i s t s . Other p a s t and p r e s e n t nemato log i s t s 
i n the United S t a t e s who have c o n t r i b u t e d s i g n i f i c a n t l y to the 
sc ience of nematology include Raski , Ca i rns , Tar jan , Al len , 
Sasse r , McBeth, Ca r t e r , Krusberg, Sayre , Mankau, J enk ins , Dropkin, 
Smart, Barker, Lownsbery, Veech, Good, Gtolden, Rodriguez-Kabana, 
Mai, Norton, Nickle , G.W. Bird, F e r r i s , Zuckerman, Maggenti, 
Fbr tuner and many o t h e r s . " 
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The publ icat ion of the 'Journal of Nematology'started in 1969 
as an o f f i c i a l organ of the Society of Nematology,, North America 
(SON). Later, 'Annals of Applied Nematology'was s t a r t ed in 1987 
as a supplement t o the 'Journal of Nematology*. The Organization 
of Tropical American Nematologists (OTAN), another American 
Society s t a r t ed publishing the'Nematropica' in 1971. 
There are large number of great pe r sona l i t i e s who have done 
exce l len t work in countries outside USA and Europe, These include 
Webster from Canada, Colbran, Wallace, Brown and A, F.Bird from 
Aust ra l ia , Ishibashi , Ichinohe and Nishizawa from Japan, Ja ta la 
from Peru, Ghaffar and Maqbool from Pakistan, and many o the r s . 
The'Pakistan Journal of Nematology'appeared in 1983 as an o f f i c i a l 
organ of the Pakistan Society of Nematologists. The development 
of nematology in the developing countries was, however, hampered 
because of lack of proper f a c i l i t i e s and Incent ives , scarc i ty of 
exper t i se , poor access to l i t e r a t u r e , e t c . 
In India, Barber (1901 ) reported root-knot nematode infes t ing 
tea for the f i r s t t ime. Later Butler reported the root-knot 
nematode on black pepper in 1906, and Ditylenchus angustus causing 
•ufra 'disease of r ice in 1913 and 1919. Ayyar (1926, 1933, 1934) 
was also among early nematologists as he reported root-knot 
nematode infes t ing vegetables and other crops, Dastur in 1936 
reported white t i p disease of r i ce which i s caused by Aphelenchoides 
bessevi . All these reports cons t i tu te Important landmarks in 
the history of nematology in India ,but p lant Nematology as a 
d isc ip l ine i s hardly three decades old; Aligarh Muslim IMiversity 
(AMU) has been pioneer in th i s regard. Prof. Abrar M.Khan a f t e r 
obtaining his doctorate from the University of Minnesota under 
the guidance of Prof. E.C, Stakman, the doyen of Plant Pathology, 
joined the Botany Department of AMU during the l a t e f o r t i e s . He 
soon real ized the importance of p l an t -pa ra s i t i c nematodes; in 
his words : 
" In one of my orchards, beds a f t e r beds of papaya seedlings 
were infected with l ea f -cu r l v i r u s . My brother asked me to 
sugt^est control measures. Knowing about the nature of the 
disease, I recommended the eradicat ion of the en t i re plan-
t a t i o n . To my surprise the seedlings were not only infected 
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with vi rus but t he i r roots were fu l l of ga l l s of varyinc 
s i z e s , housing thousands of females of root-knot nematodes, 
Meloidogyne incogni ta . I looked for information in the 
l i t e r a t u r e about the diseases caused by nematodes in India, 
To my u t t e r dismay, I could find out a very few references 
(Barber, 1905; Butler , 1913; Dastur, 1936). Dr. P.R.Mehta, 
the then Director of Plant Protect ion and Quarantine, 
v i s i t ed me. I discussed with him the lack of i n t e r e s t 
which Indian s c i e n t i s t s had about nematological problems. 
We resolved to undertake the work on nematodes. I persuaded 
my revered friend, l a t e Dr. M.A.Basir Khan, of the 
Department of Zoology to undertake the work on taxonomy of 
nematodes and. we on our pa r t fonfined our a c t i v i t i e s to 
applied aspec t s . Dr. Basir Khan enrolled Dr.M. Rafiq Siddiqi 
in the Department of Zoology and I enrolled Dr. Asad Ahmad 
in the Department of Botany as Research Scholars . This 
i s how the work in nematology was s ta r ted a t Aligarh." 
(Khan,1974). 
This was the period of mid f i f t i e s . Almost simultaneously 
some workers of the Osmania Ih ive r s i t y , Ifyderabad and the Indian 
Agricul tural Research I n s t i t u t e (lARI), New Delhi a lso s ta r ted 
work on p l a n t - p a r a s i t i c nematodes, Siddiqi of AMU published his 
f i r s t paper in 1959 and Das of Osmania in i960. Prof. Khan 
approached the Ck)lombo Plan Authori t ies for deputing the services 
of some eminent nematologist to give formal t r a in ing in nematology 
to Indian workers. They deputed Dr. F,G.W.Jones of Rothamsted 
Experimental S ta t ion , UK in 1961. Dr.Jones a l so v i s i t e d Aligarh. 
When he went to south of the country he detected the presence of 
golden cyst nematode of potato, Globodera ros toch iens i s . a pest 
of great economic importance about which Prof. Khan (1974) says, 
" i f a t a l l there was one single factor tha t t r iggered nematological 
research in India, I would say i t was th i s discovery" . By the 
j o in t e f fo r t of Prof. Khan and the s c i e n t i s t s of lARI an In t e r -
nat ional Nematology Training Course was organized a t lARI in 1964 
with the help of Ftockefeller Foundation, Dr. F,G.W.Jones and 
la te Dr. J.B.Goodey both of Rothamsted Experimental Sta t ion, UK and 
Prof. D.J.Raski of the University of California, USA were the 
dist inguished resource persons for the course. Later,by the jo in t 
e f for t s of AMU and lARI seven t ra in ing courses which are known as 
South-East Asia Postgraduate Nematology Courses, were organized. 
The Dutch government in addi t ion to providing equipment also len t 
the services of l a t e Dr. M. Oostenbrink, Dr. Jan A. vanBerkum and 
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Mr. J . J . s ' J a c o b for the f i r s t course , and t h a t of van Berkum and 
s ' Jocob for the second and the t h i r d c o u r s e s . The subsequent 
courses were run by the Indian s c i e n t i s t s . This i s how nematology 
in India came to sound foot ings with the help of the B r i t i s h , 
Duch and American s c i e n t i s t s . However, p r i o r to these courses 
some Indian s c i e n t i s t s a l s o v i s i t e d fo re ign l a b o r a t o r i e s for 
g e t t i n g t r a i n i n g as well as f i r s t hand informat ion about the s t a t e 
of knowledge in nematology in the developed c o u n t r i e s . 
At Al igarh , Prof . Abrar M.Khan, Prof. S.K.Saxena, Prof.Asad 
Ahmad, Prof . S.I .Piusain, and Dr. Azra Adhami fix)m Botany Department, 
and Dr. M.R. S i d d i q i , Prof. M.S. J a i r a j p u r i , Dr. E,Khan, and 
Dr. S.H, Khan from Zoology Department were the e a r l y workers who 
c o n t r i b u t e d s i g n i f i c a n t l y to the sc ience of nematology, S i d d i q i 
l a t e r jo ined the Commonwealth I n s t i t u t e of P a r a s i t o l o g y (CIP), 
lingland, and rl.Khan the Div i s ion of Nematology a t lARI. Ahmad 
went to Canada and no more concerned with nematology. J a i r a j p u r i , 
who has done enormous work on nematode taxonomy, i s , a t p r e s e n t , 
the D i r e c t o r of Zoological Survey of India (ZSI) . Other impor tant 
nemato log i s t s of India a r e A.R.Seshadr i , S,K.Prasad, G.Swarup and 
D.R.Dasgupta from lARI, New Delh i , R.S.Singh from the Univers i ty 
of A g r i c u l t u r e & Technology, Pantnagar , D .S .Bha t t i from HAU, Hissar , 
V.M.Das from Osmania Un ive r s i t y , Hyderabad, J.C.Edward from 
A g r i c u l t u r a l I n s t i t u t e , Allahabad, Y.S.Rao from CRRI, Cut tack, 
B.S.Yadav from Agr icu l tu re I M i v e r s i t y , Udaipur, B.N.Mathur from 
Agr i cu l tu re Experimental S t a t i o n , J a i p u r and many o t h e r s . The 
Nematological Socie ty of India s t a r t e d p u b l i s h i n g t h e ' I n d i a n 
Journa l of Nematology' in 1971. 
In r e c o g n i t i o n of h i s c o n t r i b u t i o n , Prof . Khan was e l e c t e d 
the f i r s t P r e s i d e n t of the Nematological Socie ty of India and a 
Fellow of the Indian Nat ional Science Academy (FTJA) and was 
conferred the 'Raf i Ahmad Qidwai Award". At p r e s e n t he i s Professor 
Emeritus in the Department of Botany, AMU, A l i g a r h . 
I have had the p r i v i l e g e to work with some of the most 
eminent nemato log i s t s of the count ry , v i z . . Prof. Abrar M.Khan, 
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Prof. S.K.Saxena and Prof, M . S . J a i r a j p u r i . I s t a r t e d my r e sea rch 
c a r e e r i n 1970 when I jo ined the PL-A80 Research Scheme funded by 
the U.S. Department of Agr i cu l t u r e as a Research Ftellow in the 
Department of Botany, AMU, Soon I was promoted to the p o s t of 
A s s t t , P l an t P a t h o l o g i s t . On t e rmina t ion of the Scheme I was 
s h i f t e d to the IGAR Coordinated Research P r o j e c t as a J r . Ne ma to l e g i s t 
Later I was appointed as a Lec tu re r i n 1978 and then a Reader 
(=Assoc .Professor ) i n 1983 in the same depar tment . During 1971 
I a t t ended South Eas t Asia Pos tgraduate Nematology Course a t lARI, 
New De lh i . I ob ta ined my Ph.D. degree i n 1976 working on " Organic 
Amendments i n Re la t ion t o Nematodes" under the guidance of 
Prof . Abrar M. Khan. The Ph.D. t h e s i s was examined by eminent 
s c i e n t i s t s : Dr. R.M, Sayre, USA (Fbreign Examiner) and Dr.G.Swarup, 
lARI, New Delhi ( Indian Examiner) . I was e l e c t e d a Ffellow of 
Indian Phytopa tho log ica l Socie ty (FPSI) i n 1976. In 1984, I 
a t t ended the F i r s t I n t e r n a t i o n a l Congress of Nematology a t Guelph, 
Canada as an o f f i c i a l de l ega te of AMU. There I got the oppor tun i ty 
of meeting and d i s c u s s i n g v a r i o u s nemato logica l problems with 
s e v e r a l eminent nema to l e g i s t s . I a l s o a t t ended the re a meeting 
of s c i e n t i s t s from Asia and Afr ica , The meeting reso lved to 
approve the formation of a new s o c i e t y c a l l e d a s Afro-Asian Society 
of Hematologists under the p r e s i d e n t s h i p of Dr .M.R.Siddiq i . I was 
e l e c t e d as one of the members of the s t e e r i n g committee of the 
Soc i e ty , In 1988 I was nominated t o the " I n t e r s o c i e t a l Re la t ions 
Committee" of the Socie ty of Nematologists (SON), USA, Most 
r e c e n t l y the Indian Science Congress Assoc ia t ion (ISCA), which 
i s the b i g g e s t s c i e n t i f i c s o c i e t y in Ind ia , has s e l e c t e d me for 
" Prof. Hira Lai Chakravar t i Award" for 1989. This p r e s t i g i o u s 
award i s g i v e n / f o r ou t s t and ing r e s e a r c h work done in India by 
young s c i e n t i s t s i n Botany. I n c i d e n t l y I am the f i r s t p l a n t 
nemato log i s t s e l e c t e d fon. t h i s award. Recent ly , I have c o - e d i t e d 
a book 'Nematode B io -Con t ro l : Aspects & P r o s p e c t s ' with M.S. 
J a i r a j p u r i and I.Ahmad. I t i s be ing publ ished s h o r t l y . 
ECONOMIC IMPORTANCE : 
P l a n t - p a r a s i t i c nematodes a re sometimes r e f e r r e d to as 
" t i ny but migh ty" , " u n s e e n enemies" , e t c . These phrases 
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r e f l e c t t h e i r importance. They e i t h e r alone or in associa t ion 
with other microorganisms i n f l i c t diseases to p lants r e su l t ing 
in reduced yield and qual i ty of the produce. Weischer (1967) 
has l i s t e d various ways by which p l a n t - p a r a s i t i c nematodes af fec t 
the production and economy of crops: ( i ) reduction in qual i ty 
and quantity of crop, ( i i ) need of addi t ional f e r t i l i z e r and 
water, ( i i i ) appl ica t ion of nematlcides, and ( iv) impediment of 
production and trade by phytosanitary r egu la t ions . However, 
the extent of plant damage i s influenced by many factors such as 
the nematode species involved, i t s inoculum leve l , host sixscepti-
b i l i t y , prevai l ing environmental condit ions, involvement of other 
organisms, e t c . 
In the past , crop damage due to nematodes was often ignored 
or mistaken for other causes such as deplet ion in s o i l f e r t i l i t y 
and moisture or " s o i l exhaustion" , I t was because of nematodes' 
small size and hidden way of l i f e , and lack of def in i te information 
on the i r occurrence and pathogenici ty . Moreover, the diseases 
caused by nematodes are mostly obscure and slow to develop. In 
recent times, however, attempts have been made to assess nematode 
damage to crops in terms of money. The assessment of the Society 
of Nematologists' Committee on crop losses indica tes annual losses 
in the United States due to p l an t -pa r a s i t i c nemato(^es to the tune 
of ^ 1,038, 374, 300 in f ie ld crops, | 225, 145, 900 in f r u i t 
and nut crops, ^ 2 5 6 , 989, 100 in vegetable crops and $ 59, 817,634 
in ornamental crops (Anon, 1971), Later another such Committee 
summerized the reports of crop losses due to p l a n t - p a r a s i t i c 
nematodes crop-wise and s ta te-wise (Anon, 1987), There are other 
repor ts too which have given data about monetary lossess in crops 
due to p l an t -pa ra s i t i c nematodes. Some of these have been given 
elsewhere in the thes i s (Article 108), In India also several 
workers have attempted to assess crop losses caused by p l an t -
p a r a s i t i c nematodes. However, these are mostly confined to per 
cent losses . Probably van Berkum & Seshadri (1970) were f i r s t to 
have calculated these losses in India in terms of money. They 
estimated annual losses due to " e a r cockle" disease, cause by 
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Anguina t r i t l c i on wheat, amounting to $ 10 m i l l i o n , due t o 
Pra tv lenchus coffeae on coffee to ^ 3 m i l l i o n and due t o " molya" 
d i sease caused by Heterodera avenae in Rajasthan province a l o n e , 
to I 8 m i l l i o n . Sasse r & Freckman (1987) have suggested t h a t 
crop l o s s e s due to p l a n t - p a r a s i t i c nematodes on world-wide b a s i s 
a re more than ^ 100 b i l l i o n a n n u a l l y . This f igure may swel l -up 
f u r t h e r , as s i m i l a r informat ion from many c o u n t r i e s , more 
p a r t i c u l a r l y from developing ones , i s y e t t o come o r , i f a v a i l a b l e , 
i s not comprehensive. 
The enormous economic l o s s e s to a g r i c u l t u r a l p roduc t ion due 
to p l a n t - p a r a s i t i c nematodes j u s t i f y the use of v a r i o u s measures 
to c o n t r o l them. H i s t o r i c a l l y , Kiihn (1881 ) i n Germany, r epor t ed 
the f i r s t a t t empt t o c o n t r o l the sugar b e e t c y s t nematode, 
Heterodera s c h a c h t i i by us ing carbon d i s u l f i d e . Watson (1917) 
used calcium cyanamide in North Flor ida for c o n t r o l l i n g roo t -kno t 
on tobacco , Matthews (1920) was f i r s t to r e p o r t the e f f e c t i v e n e s s 
of c h l o r o p i c r i n a g a i n s t r o o t - k n o t nematode, while p e m a t i c i d a l 
p r o p e r t i e s of methyl bromide were repor ted by Taylor & Mc^Beth 
(1940) , But r e a l b reak- through i n the development of nemat ic ides 
came with the d iscovery of D-D mixture by Ca r t e r (1943) . Side by 
s ide o t h e r c o n t r o l methods such as b i o l o g i c a l c o n t r o l , crop 
r o t a t i o n , o rgan ic amendments, e t c , a l s o developed, F b s s i b i l i t y 
of nematode b i o - c o n t r o l was suggested for the f i r s t time by 
Lohde (1874), This t r i g g e r e d r e sea rches on n a t u r a l enemies of 
nematodes (Kiihn, 1877; Zopf, 1888; Cobb, 1920; Thome, 1927; 
Linford, 1937; Linford & O l i v e i r a , 1938; Dol l fus , 1946). The 
d i f f e r e n t nematode c o n t r o l s t r a t e g i e s have been d i scussed in 
d e t a i l elsewhere in the t h e s i s ( A r t i c l e s 107-113) . 
ABOUT THE THESIS : 
The p r e s e n t t h e s i s , which i s based on my re sea rch e f f o r t s of 
a lmost two decades , i s mainly concerned with the c o n t r o l of p l a n t -
p a r a s i t i c nematodes. These r e s e a r c h e s were d i r e c t e d keeping in 
view the needs of the country and a l s o with the hope t h a t these 
would unrave l some of the b a s i c premises of nematode c o n t r o l . 
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The di f ferent s t r a t eg i e s used for cont ro l l ing nematodes 
include s o i l appl ica t ion of nematicides, root-dip and f o l i a r 
spray with systemic chemicals, organic amendments - both conven-
t iona l manures and unconvential waste organic mat te r , roo t -d ip 
and seed dressing with plant products and chemicals from promising 
organic amendments, screening of p lant species and cu l t i va r s for 
locat ing source of res is tance against nematodes, screening of 
various cropping sequences, in te rcu l tu re of enemy p lan t s , e t c . 
Studies were also directed to determine the mode of act ion of 
some of the control measures. 
There are several review a r t i c l e s on b io logica l control of 
nematodes (in the form of a book), po ten t ia l of p lant l a t i c e s and 
nematode-virus in te rac t ion , and a bibliography on 'organic 
amendments in nematode c o n t r o l ' . 
In addit ion to above s tud ies , the thes i s a lso incorporates 
few a r t i c l e s on nematological and other techniques, and patho-
genici ty and in t e r r e l a t i onsh ips of nematodes. These aspects have 
some bearing on the s tudies per ta ining to the control aspect 
d i rec t ly or i n d i r e c t l y . Brown & Kerry (1987) have a l so included 
these aspects in t h e i r book on nematode con t ro l . 
The thes is embodies 105 papers and a book which are grouped 
in five sections as under : ( s e r i a l numbers of a r t i c l e s as given 
in the contents are given in parentheses) . 
Section A - Techniques : 
A handy device for se lec t ive picking of vermiform nematodes 
from mixed suspension was developed by using a vaqupet rubber 
bulb which provides controlled suction (1) , This assembly allows 
picking of about 40-50 nematodes per minute. However, i t is 
su i table for shor t -durat ion use as continuous pressing of the 
value in the device may cause some fatigue in long use . This 
problem was removed in another device (2) which was further 
modified for ge t t ing a continuous suction with the help of an 
asp i ra to r (3) , Recently, yet another device has been developed (4) . 
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I t i s a modification of Hesl ing 's device which was o r ig ina l ly 
designed for picking of nematode cysts from dry debr i s . The 
present device has advantage of control led suc t ion . Though a 
previous device (1) also had th i s advantage but here the 
assembly i s so designed that i t can be used continously for long 
durations for picking-up of nematodes in bulk. 
An apparatus was designed for e f f i c i en t picking-up of 
nematode cysts from dry debris (5) . I t allows easy picking of 
cysts with subs tan t i a l speed, 
Oostenbrink's e l u t r i a t o r model I I I i s considered a good 
device for i so l a t i on of s o i l nematodes, A modification in the 
design of the e l u t r i a t o r has been suggested (6) by providing a 
siphon tube in place of the o u t l e t and the level ind ica to r . The 
modification provides exactly the same treat-ment to each s o i l 
sample. Thus the e r ro r of Judgement regarding the f ina l level 
of the suspension in the e l u t r i a t o r i s minimized. 
For evaluating nema-toxicity of chemicals, aqueous suspensions 
of nematodes are usually t ransferred to solut ions of chemicals. 
However, by doing so the concentration of the chemical i s changed 
and the data becomes erroneous. Transfer of individual nematode 
specimens is d i f f i c u l t , and moreover, a l l the specimens do not 
go a t one time, and thus they are exposed to the chemicals for 
d i f fe ren t dura t ions . In order to overcome these problems a method 
has been developed where a meta l l ic sieve of 240-350 meshes/linear» 
inch i s used. This helps in the transference of a l l the specimens 
a t a time and tha t too without dis turbing the concentration of the 
chemical (7 ) . 
A method for ra t ing the degree of root-knot development was 
described (15). I t used the data of percentage of p lant infect ion 
as well as percentage of root in fec t ion . The l a t t e r was calculated 
by weighing the galled port ion of roots and the whole roo t s . 
Since plant leaves are the chief organs of photosynthesis, 
the measurement of t h e i r area cons t i tu tes one of the most import 
t an t parameters to evaluate the capacity of photosynthetic system 
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of a crop. Since most of the l abora to r ies , pa r t i cu l a r l y in the 
developing count r ies , are not equiped with sophis t icated and 
cost ly apparatuses used for estimating leaf area, a simple 
procjure has been described for the purpose (8) , I t requires 
t racing the out l ines of the leaf on a paper which i s then cut and 
weighed. The weight i s then transformed to the area by 
2 
ca l ib ra t ion with the weight of the paper piece measuring 100 cm . 
« 
A method was standardised for detenn?ng the ra te of water 
absorption by plant roots (94). A flask was p a r t i a l l y f i l l ed 
with water and weighed. Then a seedling is placed in the flask 
with roots dipped in water. After the required time period the 
plant i s taken out and the amount of water loss determined. 
Amount of water l o s t from the flask having no p lant was deducted 
from the amount of water l o s t from the flask having plant to 
determine the ac tua l amount of water absorbed by the roo t s . 
Section B - Hostg, p lan t react ion and cropping : 
During survey, many new hosts of root-knot nematodes were 
recorded: 48 for Meloidogyne incognita (9"-l4) and 16 for 
M. .javanica (14-17), Besides, some plants were recorded hosts 
of these nematodes for the f i r s t time from India: 8 for M.incognita 
(10,11,13) and 17 for M. .javanica (14-16). The degree of p lant 
react ion to nematode infect ion was a l so recorded (10-13,15-17). 
Use of r e s i s t a n t / t o l e r e n t p lant species and cu l t iva r s i s 
considered as one of the ideal methods of nematode management. 
The s tudies per ta ining to plant react ion to nematode infect ion 
were undertaken, for locat ing source of res i s t ance , i f any. Sixty 
eight economically important plant species were tes ted under 
f ie ld condition for the i r s u i t a b i l i t y to five ec topa ras i t i c 
nematodes, v i z . , Tylenchorhynchus brass icae . Hoplolaimut indicus 
Helicotvlenchus indicus . Tylenchus f i l i formis and Trichodorus 
mirzai . one semi-endoparasitic nematode, Rotylenchulus reniformis. 
and one endoparasi t ic nematode, Meloidogyne incognita (18,19), 
These plants were rated as poor, moderate or good hos t s . Similarly, 
9 species of Amaranthus were screened against M. incognita and 
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R. renlforrols (20,21); only one species showed highly r e s i s t a n t 
and one r e s i s t a n t react ions to M.incoaii ia (20) . 
Fourteen v a r i e t i e s of eggplant, 14 of pepper and 7 of okra 
were screened agains t M. incognita, out of which 3 v a r i e t i e s of 
eggplant and one of pepper showed highly r e s i s t a n t react ion (22). 
In case of tomato, 42 v a r i e t i e s were screened agains t M.incognita 
where 5 v a r i e t i e s showed highly r e s i s t a n t reac t ion (23,24). In 
case of wheat, 79 v a r i e t i e s were tes ted agains t the seed-gal l 
nematode, Anguina t r i t i c i ; 7 v a r i e t i e s showed highly r e s i s t a n t 
react ion while 5 were moderately r e s i s t a n t (25). 
One of the aims of ro ta t ion of crops i s to keep the popula-
t ions of p l an t -pa r a s i t i c nematodes below the damaging l e v e l . I t 
provides comparatively safe and easy method of nematode cont ro l . 
However, s u i t a b i l i t y of the crxjps for the area with respect to 
cl imatic condit ions, as well as t he i r economic f e a s i b i l i t y are 
of paramount importance for embarking upon any ro t a t iona l 
programme. Therefore, there i s a constant need to search such 
sequences which are both detr imental to nematodes and acceptable 
to growers. 
For studying the influence of d i f ferent cropping sequences 
on p l an t -pa ra s i t i c nematodes several short-term as well as 
long-term experiments were conducted (26-32), These s tudies 
included 47 d i f fe ren t cropping sequences of vegetables , ornamentals, 
ce rea l s , fodder crops, o i l crops, pulses, e t c . Growing susceptible 
hosts consecutively or monoculturing increase the population of 
nematodes to noxious l e v e l s , Ffeillowing, and growing marigold 
and some other p lants caused subs tan t i a l reduction in the population 
density of nematodes in most of the s i t u a t i o n s . I t was found 
tha t no individual sequence was equally effect ive against a l l 
the nematodes present in the s o i l . This was because of the fact 
tha t the influence of d i f fe ren t crops on nematodes varied in 
d i f ferent sequences. These observations were supported by the 
r e su l t s of another experiment (33) where ef fect of preceding 
crops on the population growth pa t te rn of M. incognita and 
T, brassicae on chickpea was s tudied. Similar r e su l t s were also 
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obtained in an experiment where only ornamental p lants were 
included in various cropping sequences (32). 
Population dynamics of T. brassicae in f ie ld p lo t s , with 
varying i n i t i a l inocula, was studied in r e l a t i on to d i f fe ren t 
crops (3A;, The population changes were found re la ted to p re -
plant dens i t i e s of the nematode as well as the crop. In another 
experiment seasonal f luctuat ion of p l a n t - p a r a s i t i c nematodes 
was studied (35) on two medicinal p lan t s , v i z . , lemon grass 
(Cymbopogon flexuosus) and pomegranate/^lnar f a r s i ' (Punica 
granatum). There was high population build-up of p l an t -
pa r a s i t i c nematodes from Ftebruary to May and again in September. 
The populations declined from June to August and then from 
October to December. There was a def in i te co r re l a t ion between 
nematode populations and the s o i l moisture. The populations 
were more a t higher s o i l moisture levels whereas i t declined 
during dry per iods . High as well as low temperatures a lso had 
adverse ef fect on nematodes. 
Effect of in te rcu l tu re of mustard (Brassica campestris) and 
rocket-salad (Eruca sa t iva ) with wheat and barley (36), neem/ 
margosa (Azadirachta ind ica) . with tomato, eggplant, cabbage and 
cauliflower (40), and Tagetes erecta with c h i l l i , eggplant, 
cabbage and cauliflower (40) on plant growth and s o i l population 
of commonly occurring nematodes was s tudied. The control of plant-
p a r a s i t i c nematodes was found to be due to the toxic nature of 
root-exudates of these plants (36,42,43). Similarly, T, minuta. 
T. lucida. and T. tenuifol ia control led M, incognita and 
R. reniformis on tomato and eggplant, and T, brassicae on tomato, 
eggplant, cabbage and cauliflower (37-39). Root-exudates of these 
plants a lso proved to be highly dele ter ious to the nematodes 
(37-39, 41), The use of enemy plants in the b io logica l control 
of nematodes has been reviewed in the a r t i c l e nos, 109-111. 
Section C - Nematicides and orgemic amendments : 
Signif icant control of M, incognita was obtained on eggplant 
(44), tomato (45) and c h i l l i (46) by bare-root-dip and fo l ia r 
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spray treatments with vydate oxamyl. As a consequence of 
nematode control the plant growth improved (4A^46), Similar 
r e su l t s were also obtained with VC-13 and Dazomet on c h i l l i ( 4 6 ) , 
tomato and eggplant (47). Soil appl ica t ion of these nematicides 
also caused s ign i f ican t reduction in the population of p l an t -
p a r a s i t i c nematodes along with improvement in. p lant growth of 
c h i l l i (46), tomato, eggplant, okra, cabbage and cauliflower(A8). 
Similar r e s u l t s were obtained with D-D, 1,3-D, DBCP, phorate, 
fensulfothion and dimethoate on the above crops and table beet 
in f ie ld (49). Studies were extended to evaluate the efficacy 
of these and some other nematicides against p l a n t - p a r a s i t i c 
nematodes associated with vegetables , ce rea l s , o i l crops, f ibre 
crops, sp ices , e t c . in f ie ld (50-52). In an integrated approach, 
a ldicarb are carbofuran were applied to the normal or deep ploughed 
beds. Maximum control of p l a n t - p a r a s i t i c nematodes was obtained 
in deep ploughed beds receiving the nematicides (53). Efficacy 
of some nematicides was a lso compared with the efficacy of organic 
amendments against p l a n t - p a r a s i t i c nematodes on t r i t i c a l e (54), 
spinach (56), and tomato, potato and radish (59). The benef ic ia l 
ef fects of DD and DBCP with respect to suppression of nematode 
populations pers is ted even a f t e r a lapse of s ix months (59). 
I t was probably due to the fact tha t they d r a s t i c a l l y reduced 
nematode populations to such a low level in the f i r s t season that 
t h e i r build-up to higher levels required much longer time. 
Some of the nematicidal chemicals used in the above s tudies 
are now banned because of the associated environmental and health 
problems. But these s tudies wei^ carr ied out when there was no 
r e s t r i c t i o n on the use of these chemicals. 
Considerable v/ork has been carr ied out on the control of 
p l an t -pa r a s i t i c nematodes with organic amendments* In a pot 
t r i a l , oi lseed cakes of mahua, cas tor , mustard, neem, peanut, 
and bone meal and horn meal brought about s ign i f i can t reduction 
in root-knot development caused by M. Incognita with a consequent 
increase in p lan t growth of tomato, eggplant, c h i l l i and okra (55). 
Similar r e s u l t s were a lso obtained with oi lseed cakes on 
spinach (56) and di f ferent v a r i e t i e s of tomato (57) in f i e ld . 
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Oilseed cakes singly or in d i f fe ren t combinations were found 
highly eff icacious agains t p l an t -pa r a s i t i c nematodes on tomato, 
eggplant, c h i l l i , okra, cabbage and cauliflower in f ie ld (58). 
Excepting mahua cake, which was phytotoxic or near-phytotoxic 
to a l l crops excepting eggplant, other cakes improved p lant 
growth s ign i f i can t ly . However, when mixed with other cakes, 
mahua cake l o s t i t s phy to t o x i c i t y . The s tud ies , done under 
d i f fe ren t s o i l and cl imatic condit ions, es tabl ished tha t the 
efficacy of the oi lseed cakes was consis tent in d i f fe ren t growing 
seasons ( e . g . , winter and summer) as well as a t d i f fe ren t s o i l 
pH and organic content (58), Oilseed cakes were highly effect ive 
against p l an t -pa r a s i t i c nematodes on tomato, potato and radish and 
a lso in the following growing season when com, bott le-gourd and 
sanhemp were grown respect ively (59), The res idua l ef fec t of 
the oilseed cakes even a f t e r a lapse of s ix months was a t t r i bu t ed 
to t he i r show degradation (59), Application of bone meal in 
f ie ld considerably reduced populations of p l a n t - p a i ^ s i t i c 
nematodes on twelve d i f ferent crops (60), 
Sawdust of mango (Mangifera indica) s ign i f i can t ly reduced 
populations of p l an t -pa r a s i t i c nematodes on ca r ro t , radish , table 
beet , turn ip , wheat, barley and linseed in f ie ld (61) . The 
nematode populations gradually decreased with increasing dose of 
sawdust. There was further decrease in nematode populations in 
presence of ammonium sulphate . Sawdust a t a l l carbon levels 
increased the yield of d i f ferent crops excepting turnip where 
higher doses of C were phytotoxic. The y ie ld of d i f ferent crops 
improved fUrther when ammonium sulphate was supplemented with 
the sawdust ( 6 l ) , The benef ic ia l ef fects of d i f fe ren t treatments 
pers i s ted in the following season when okra was grown a f t e r 
l inseed (61), In a s imi lar experiment, sawdusts of mango and 
neem (Azadirachta indica) reduced root-knot development caused 
by M. incognita and mul t ip l ica t ion of R, renifonnis on tomato 
and eggplant and T. brassicae on cabbage and cauliflower (62). 
The r e su l t s were s imi lar to those obtained in the e a r l i e r 
experiment but neem sawdust was more eff icacious t^an mango 
sawdust probably because of nemato-toxic chemicals present in 
i t (62), 
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Plant wastes of several weeds and cul t iva ted plants were 
evaluated for t h e i r po ten t ia l in nematode control* (63-69). In 
most of the cas^s s o i l amendments with p lan t wastes s ign i f i can t ly 
suppressed nematode populations and improved p lan t growth. 
Water hyacinth (Eichhornia c ra s s ipes ) . the top ranking of 
10 widely d i s t r ibu ted noxious weeds in India, i s causing concern 
because i t great ly in te r fe res with ag r i cu l tu re , p i s c i cu l t u r e , 
i r r i ga t ion ,d ra inage , water spor t , e t c . I t s d isposal i s yet 
another problem. We have tes ted i t s possible u t i l i z a t i o n in 
nematode control (65,66). Soil amendments with chopped plant 
par t s of water hyacinth as well as bare-root-dip treatment in i t s 
ex t rac t s have s ign i f ican t ly control led M, incognita and 
R. reniformis on tomato and eggplant (65), and T. brassicae on 
cabbage and cauliflower (66) with consequent improvement in plant 
growth. Extracts of water hyacinth were also found to be highly 
toxic to these nematodes (65,66). 
Soil amendments with chopped shoot par t s of la tex-bear ing 
p l an t s , v i z . , Artocarpus heterophyllus, Carica papaya, Ficus 
car ica . F, e l a s t i c a . F, glome r a t a , Ipomoea f i s t u lo sa , Nerium 
odorum and Tabemaemontana coronaria s ign i f i can t ly control led 
M, incognita and R. reniformis on tomato and eggplant, T.brassicae 
on cabbage and cauliflower (68), and general population of p l an t -
p a r a s i t i c nematodes on tomato and eggplant (69) with consequent 
improvement in p lant growth. Water ex t rac t s of these l a t e x -
bearing plants were highly dele ter ious to Hop, indicus . 
R. reniformis. T. brassicae and M.incognita and inhibi tory to 
l a rva l hatching of M. incognita (70), 
Seed dressing with plant J a t i ces of Calotropis gigantea. 
C. procera. Euphorbia m i l i i . E, n e r i i f o l i a and E. t i r u c a l l i 
s ign i f i can t ly inhibi ted root-knot development caused by 
M. incognita and: mul t ip l ica t ion of R, reniformis on tomato, 
eggplant and okra (71,72), and T. brassicae on cabbage and 
cauliflower (73). 
The thes is a lso includes a review of the l i t e r a t u r e on the 
po ten t ia l of plant l a t i c e s in nematode control (74). 
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Soil amendments, with oi lseed cake, leaves and sawdust of 
neem have given consis tent ly sa t i s fac to ry control of p lan t -
p a r a s i t i c nematodes in repeated t e s t s (5^-59, 62, 64, 81-85). 
Bare-root-dip of cabbage and cauliflower in leaf ex t rac t s of 
neem. and a re la ted species , Persian l i l a c (Melia azedarach) were 
found highly sa t i s fac to ry for cont ro l l ing T. b rass icae . This 
treatment a lso improved plant growth and water absorption 
efficiency of roots (80). Seed dressings with the ex t rac ts of 
neem and Persian l i l a c s ign i f i can t ly control led M. incognita and 
R. reniformis on tomato, eggplant and okra (75). Similar r e s u l t s 
were obtained by seed dressings with azadiracht in and nimbin, 
t r i t e rpenoids from neem, agains t M. incognita and R.i^eniformis on 
tomato, eggplant and okra, and ^, brassicae on cabbage and 
cauliflower (76-79). As a r e s u l t of nematode control p lant 
growth improved in a l l the cases (76-79). 
The crops, which are propagated by seedl ings , face problems 
in t he i r establishment i f the nursery beds are heavily infested 
with p l an t -pa r a s i t i c nematodes. The resu l t ing poor stand of 
the crops and reduced yie lds are a t t r i bu ted to unthr i f ty seedlings; 
these are often responsible for the transference of nematodes from 
one place to the o ther . Application of nematicides and oilseed 
cakes to nursery beds has proved to be highly e f f i c i en t in 
cont ro l l ing p l an t -pa ra s i t i c nematodes on several perennial p lants 
(81,82). Similar r e su l t s were a lso obtained with organic amend-
ments and nematicides against p l a n t - p a r a s i t i c nematodes in 
nursery beds of some annual plants with consequent increase in 
seedling growth (83). Cost of t r e a t i ng the nursery s o i l i s 
great ly reduced as the area of appl ica t ion i s comparatively l e s s , 
Experiments were also conducted for determining the mode of 
ac t ion of organic amendments agains t p l an t -pa r a s i t i c nematodes 
(8A-92). Seedlings of tomato, eggplant and c h i l l i , raised in the 
s o i l t reated with oilseed cakes, allowed fewer larvae of 
M.incognita to penetrate in to t h e i r roots ; t h i s followed reduced 
roo t -ga l l ing . This 'acquired ' res i s tance by otherwise susceptible 
hosts was a t t r i bu t ed to grea ter concentration of phenols in 
t reated plants (84). Similar r e s u l t s were a l so obtained in 
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knol-khol again§t T. brassIcae (85). During decomposition of 
oi lseed cakes subs tan t i a l amount of ammonia was re leased, which 
was found to be highly detrimental to nematodes, both in v i t r o 
(86) and in vivo (87) condi t ions . Water soluble fract ions (WSF) 
of undecomposed as well as decomposed oi lseed cakes were highly-
dele ter ious to p l an t -pa r a s i t i c nematodes and inhibi tory to 
l a rva l hatching of M. incognita (91,92). The tox ic i ty increased 
with increasing decomposition period (91). Nematode-toxicity 
of various plant ex t rac t s and p lant products has also been 
evaluated (65,65,70), Two chemicals from neem, v i z . , nimbidin 
and thionemone a l so showed high nematicldal p roper t i es (92). 
Analysis of oi lseed cakes revealed the presence of formaldehyde 
and phenols in subs tan t i a l amounts which were found to have high 
nematicidal a c t i v i t y in v i t r o conditions (88,89). The tox ic i ty 
of phenolic compounds was found to be dependent on t h e i r r e l a t i ve 
posi t ions of hydroxyl (-0H) groups (90). Soi l appl ica t ion of 
phenolic compounds in low concentration s ign i f i can t ly control led 
p l an t -pa ra s i t i c nematodes on tomato (89). 
Besides the above and other s tud ies , a comprehensive b i b l i o -
graphy on " organic amendments in nematode c o n t r o l " has also been 
prepared (93). 
Section D - Pathogenicity and in t e r r e l a t ionsh ips : 
Some s tudies were directed to invest igate the ef fect of 
nematodes on plant growth and water absorption efficiency of roo t s . 
I t was found tha t p lant growth as well as water absorption was 
s ign i f i can t ly retarded due to infect ion of M. incognita in 
tomato (94,95), R. re n i form i s in tomato and cas tor (96), and 
T. brassicae in cabbage,cauliflower and knol-khol (97). There 
was a positive cor re la t ion between the reduction in plant growth 
and water absorption efficiency of roo t s . 
The study per ta ining to s e l f - i n t e r ac t i on of M. incognita 
revealed tha t l a rva l penetrat ion of subsequent inoculat ion was 
retarded in p lants pre-inoculated with d i f ferent inocula 
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excepting with pre- infec t ion period of 10 days and inoculum 
leve l of 50 la rvae . Higher i n i t i a l inocula and longer pre-
infect ion period brought about more inh ib i t ion in l a rva l 
penetrat ion of the subsequent inoculation (98), 
M. incognita and T, brassicae reduced plant growth of tomato, 
the fonner being more damaging. There was further reduction in 
p lant growth when both the nematodes were inoculated simultaneously 
(99). However, M. incognita inhibi ted mul t ip l ica t ion of 
T. brassicae (99). Similarly, in another experiment, M.Incognita 
was found to be antagonis t ic to Hop, indicus (lOO). 
Root-rot fungus, Rhizoctenia solani and the nematodes, 
M. Incognita. R, reniformis and T, brassicae s ign i f ican t ly reduced 
p lant growth of tomato, eggplant, c h i l l i and papaya when inoculated 
separately, however, a synergis t ic effect was observed in plants 
inoculated with the fungus and e i the r of the nematodes ( l01) . 
Similar trend was noted in case of reduction in water absorption 
capabi l i ty of roo t s . The presence of the fungus, on the other 
hand, had an antagonis t ic ef fec t on the mul t ip l ica t ion of the 
nematodes (101). Similar r e su l t s were also obtained in okra 
Inoculated with R. solani and/or M. incognita and R. reniformis 
(102). 
Spinach mosaic virus and M. incognita separately caused a 
reduction in the fresh weight of sugar beet , the former being 
more inhib i tory to the p l a n t s . Virus in combination with the 
nematode resul ted in a grea ter loss in p lant weight than expected 
by adding together the independent ef fect of the two organisms 
(103). Galling per plant as assessed by root-knot index was 
less on virus infected plants than on non-infected ones, but there 
were more ga l l s per gram of root on v i rus infected plants ( i . e . 
root-knot index re la ted to root weight). Similarly, the vi rus 
in combination with T. brassicae resul ted in a greater loss of 
p lant weight than expected from independent ef fec ts of the 
organisms. At the end of the experiment there were more 
T. brassicae in pots with non-virus infected plants but population 
dens i t i e s per gram of root were s imi lar in a l l pots (103). 
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Similarly, M. incognita and tomato mosaic virus together 
caused more damage to tomato plants than a lone. However, both of 
them were antagonis t ic to each o ther . The domination of one 
over the other was dependent on the time of i t s establishment 
in tomato p l a n t s . More es tabl ished pathogen caused more i nh ib i -
t ion to the other pathogen (104). 
There are several reviews on " nematode-virus i n t e r a c t i o n s " , 
but the enphasis has been on vi rus transmission by nematodes. The 
in te rac t ion between p l a n t - p a r a s i t i c nematodes and plant vi ruses 
has been ra ther ignored. The present review (105) in an attempt 
to gather information on the l a t e r aspect of the i n t e r a c t i o n s . 
Section E - The book " Nematode Blo-Control; Aspects & Progpects'i 
This book, comprising 13 chapters and a preface, has been 
edited by M.S. Jai ra jpuri ,myself and I . Ahmad. More than 50% of 
the book (number of chapters as well as number of pages) has been 
wri t ten by me as a single or j o i n t author . The remaining chapters 
have been wri t ten by others but are presented here because these 
are par ts of the book and a lso because these have been co-edited 
by me. The book is being published shor t ly . Special feature 
of the book i s tha t i t s subs tan t i a l port ion i s based on the personal 
experimentation and experiences of the authors . 
Chapter 1 and preface of the book are introductory in nature 
(106,107) while Chapter 2 has discussed the various control 
s t r a t eg i e s of nematodes (IO8). Chapter 3 gives broad out l ines of 
b io logica l control of nematodes (109). Antagonistic plants in 
general and neem in pa r t i cu la r have been discussed in Chapters U 
and 5 respect ively (110,111). Similarly chapters 6 and 7 give 
detai led account of nematode destroying fungi (112), and 
Paecilomyces l i l ac inus (113) which in recent times has gained 
much a t t en t ion of workers. The remaining Chapters (nos.8-13) 
have been wri t ten by others and are devoted to microbial paras i tes 
and predators (114), predatory nematodes in general ( I I5 ) , 
predatory mononchida ( I I6 ) , d iplogaster id predators (117), preda-
ceous dorylaims (I I8) and predaceous so i l inver tebrates (119). 
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3^ 
SHORT COMMUNICATIONS 
Indian J. Nematol. 2 (1972) : 79-80 
A NEW DEVICE FOR RAPID PICKING OF NEMATODES FROM MIXED 
POPULATION IN AQUEOUS SUSPENSION 
BY 
ABRAR M. KHAN, S. K. SAXENA and M. M. ALAM 
Section of Plant Pathology and Nematology, Department of Botany, Aligarh Muslim 
University, Aligarh, India 
Certain devices have been developed (Minteer, 1965 ; Shukia et ah, 1971) for picking 
nematodes from aqueous suspension which, however, have certain inherent weaknesses. A new 
device has been developed, the construction and working of which are given below : 
Construction details: The apparatus (Fig. 1) consists partly of glass attached to a 
Vaqupet rubber bulb. The glass portion has a middle bulb A (2.5 cm diam.) connected on either 
side to two glass tubes B & C, each 4 cm in length and 0.5 cm in diameter. The tube B is swan-
shaped and is connected to the Vaqupet* while the other tube C is connected to a fine jet D by a 
rubber tubing. The Vaqupet rubber bulb possesses three valves viz., S, I and 0 all of which open 
when they are pressed. 
Working details : Prior to use, the valve S is pressed along with the rubber bulb. 
This removes the air from the assembly. The jet is then introduced into the nematode suspension 
kept under focus on the stage of a stereoscopic microscope and brought near the desired 
nematode; when valve I is pressed, the nematode gains entry into the bulb A via tube C. In 
case, a nematode that is not desired gains entry in tube D, it can be ejected back into the 
•Supplied by Tayle-Scicem, 39 Kedarpura, Subzi Mandi, Delhi-7 
80 SHORT COMNUNICATIONS 
nematode suspension by pressing the valve O The swan-shaped tube B allows handling of the 
assembly at different angles and prevents the entry of suspension into the Vaqupet By pressing 
the valve I each time, the required number of nematodes can be collected. When this is achieved, 
the assembly is removed and the suspension of nematode transferred to a watch glass by 
pressing the valve O This assembly allows picking about 40-50 nematodes per minute. 
Fig. 1 The new device for nematode picking 
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M. MASHKOOR ALAM ^): A simple device for rapid selection of nciiiciloiles from 
a mixed population in aqtieo/is suspension. 
For selectively picking up large numbers of nematodes from a mixed sus-
pension a device was developed which has certain advantages over other ones 
(Minteer, 1965; Shukla et al., 1971 and Khan et al., 1972), as it is simple to 
assemble and easy to handle. 
Construction details: A small filter funnel with a tap and an L-shaped piece of 
glass tubing (4 cm length, 0.5 cm diameter) were inserted into the neck of a 
' ) Section of Plant Pathology & Nematology, Department of Botany, Aligarh Muslim I'nivcrsity, 
Aligarh-202001, India. 
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separating funnel (100 ml capacity) with the help of an airtight rubber bung. The 
L-shaped glass tube was attached through a rubber tubing (75 cm length, 0.5 cm 
diameter), containing a rubber bulb (5 cm diameter), to a glass tube (20 cm length, 
0.7 cm diameter) which contained a glass bulb (2.5 cm diameter) at one end and 
a fine jet at the other. The whole assembly was supported by a retort stand (Fig. 1). 
Fig. 1. Diagram of apparatus used for picking up nematodes, a: filter funnel; b: scparalinjf funnel, 
c: rubber bulb; d: glass jet with bulb and e: retort stand. 
e 
Working details: Before use, the separating funnel was filled with water 
through the filter funnel and then the tap was closed; water was allowed to drain 
off trough the lower tap which caused a partial vacuum in the separating funnel. 
The glass jet was then introduced into the nematode suspension under a stereo-
scopic microscope and the desired nematodes specimens were sucked up into 
the glass bulb due to the suction. This operation was repeated until the glass bulb 
was filled. The glass bulb was emptied by pressing the rubber bulb after closing 
the tap of the separating funnel. 
KHAN, A. M., SAXENA, S. K. & ALAM, M . M. (1972). A new device for rapid picking of nema-
todes from mixed population in aqueous suspension. Indian J. Nematol. 2: 79-80. 
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A MODIFIED DEVICE FOR RAPID SELECTION OF SOIL 
AND WATER NEMATODES FROM MIXED SUSPENSION 
by 
M. iVl, A I.AM 
An earlier device (Alam, 1975) for selectively picking up large 
number of soil or fresh water nematodes was modified and appears 
to be an improvement o\cr similar devices (Minteer, 1965; Shukla 
et al., 1971; Khan et ah, 1972) because of its speed and semplicity. 
The entire apparatus can be easily assembled in any laboratory and 
does not require any specialised components. Assembley and opera-
tion details are as follows: 
Construction details: Two L-shaped glass tubes (0.5 cm dia-
meter) of 4 and 5 cm lengths were inserted into the neck of a sepa-
rating funnel ' D ' (100 ml capacity) with the help of an air tight 
rubber stopper. One of the L-shaped tubes (5 cm length) was con-
nected iliiough a rubber tubing (75 cm length, 0.5 cm diameter) to 
anoter glass tube ' E ' (15 cm length, 0.7 cm diametci ) which was 
provided with a fine tip (7 cm length). The other L-shaped tube (4 
cm length) was connected through a rubber tubing (0.5 cm diameter) 
of desirable length, to an a>piraU)r " B ' (syn. filter puni|i) which was 
attached to a waicr tap ' .A '. The separating funnel was supported 
by a rcUjit stand C ' (V\-j.. 1). 
Opcidllon: ik'loic use. ihc siopper of the sepai.iiing lunne! 
' D ' was closed ant! then the water tap ' A ' was o|Hned to start 
sucticjri oi air into tlie aspiiaior ' IV resulting in a pailiai vacuum 
in the separating (unne! ' D '. The glass tip was then inirodueed into 
the nematode suspension ohsciActJ with a stereoscopic microscope 
245 — 
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and brought near the desired nematode specimen. Ihe specimen 
was sucked up along with a small amount of water into the glass 
tube ' E '. The operation was repeated with other specimens un(il 
the separating funnel ' D ' was filled. The water lap ' A ' was then 
closed and the nematode suspension was taken out from the sepa-
rating funnel ' D ' through the stopper. The suction pres.sure was 
adjusted by regulating the flow of water through the aspirator ' B '. 
Hig. 1 - Diagram of the appai.iliis usod loi- picking up i.l IMIILIICKIC^. A: 
water tap; B: aspirator; C: retort sl.nul; D: separating funnel ;iiiil I class tube 
wilh line jel. 
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A MODIFICATION OF HESLINQ'S DEVICE FDR RAPID SELECTION OF NEMATODES 
FROM AQUEOUS SUSPENSION 
M.MASHKDOR ALAM 
Department of Botaay, 
Aligarh Muslim U n i v e r s i t y , Al igarh-202002, India 
Severa l dev ices have been desc r ibed for s e l e c t i v e p i ck ing of 
nematodes from aqueous suspension (Minteer, 1965; Shukla et_ a l . « 
1971; Alam, 1975, 1976). They a l l use cont inuous s u c t i o n which 
i s sometimes a problem as some wa te r ,wi th or wi thout undes i r ab le 
nematodes, e n t e r s the c o l l e c t i n g J e t while i t i s in t roduced i n t o 
the suspension and brought near the de s i r ed nematode specimen^ 
This problem was avoided by Khan e t al_, (1972) who c o n t r o l l e d 
s u c t i o n by p r e s s i n g a va lve i n the device every time a s e l e c t i o n 
was made, however caus ing some f a t i gue i n long u s e , 
A s imple , convenient and r ap id method us ing i n t e r m i t t a n t 
s u c t i o n has been developed by modifying H e s l i n g ' s device which was 
o r i g i n a l l y designed for p i ck ing nematode c y s t s from dry d e b r i s . 
I t i s s u i t a b l e for cont inuous long use fo r i n d i v i d u a l s e l e c t i o n 
of many nematodes, Kumar (1971) has a l s o t r i e d t o modify H e s l i n g ' s 
device fo r s e l e c t i o n of nematodes from aqueous suspens ion , but 
i t l acks the advantage of c o n t r o l l e d s u c t i o n of the mod i f i ca t ion 
now d e s c r i b e d , 
CONSTRUCTION DETAILS 
A f l a t -bo t tom round f l a s k of 25-50 ml c a p a c i t y i s provided 
with two g l a s s tubes (A and B) of 5 mm d iame te r . These a re 
i n s e r t e d i n t o the neck of the f l a s k with an a i r t i g h t two-holed 
rubber bung. Tube 'A' (5-10 cm l e n g t h ) i s ben t a t about 135° 
angle a t one end and a t 90° angle a t the o t h e r end where i t i s 
f i t t e d with a f ine J e t with the he lp of a smal l p iece of rubber 
t u b i n g . Tube »B' (2 ,5 mm l e n g t h ) i s ben t a t 90° angle and 
connected to a vacuum source ( e , g , , a s p i r a t o r / f i l t e r pump) through 
a rubber tub ing of r equ i red l e n g t h . The a s p i r a t o r i s then 
4x 
connected to a water t ap . The flask i s also f i t t ed in i t s neck 
with a small glass tube 'C' (2,5 mm long, 5 mm diameter) . The 
outer end of tube 'C' ac ts as the ' cont ro l hole ' for cont ro l l ing 
suct ion. 
F ig .1 , Hesling's modified device for se lec t ive picking 
of nematodes from aqueous suspension, 
A nylon b r i s t l e may be attached to the t i p of the Je t for 
separat ing individual nematodes from aggregations or debr is ; 
i t s use i s opt ional as the same function can be done by the Je t 
i t s e l f , though with care , 
WORKING DETAILS 
Before s t a r t i n g the picking operat ion, the suction i s 
i n i t i a t e d via a vacuum source which i s adjusted so t ha t suction 
a t the Je t operates only when the control hole i s c losed. The 
flask i s then held in the hand and the Je t i s introduced into the 
nematode suspension placed in a Syracuse watchglass on the stage 
of a stereoscopic microscope and brought near the desired 
specimen. Then the control hole i s closed with the fore-finger 
causing a p a r t i a l vacuum in the flask and the desired nematode 
4^ 
i s sucked i n with a l i t t l e wa te r . Suct ion ceases when the 
fo r e f i nge r i s removed from the c o n t r o l hole a l lowing the passage 
of a i r . Then the ;)et i s brought near ano the r specimen and the 
same o p e r a t i o n i s r e p e a t e d . Thus i n a s h o r t pe r iod l a rge numbers 
of nematodes can be s e l e c t e d from a mixed suspens ion . The 
nematode suspension held i n the tube 'A' i s sucked i n t o the f l a s k 
by keeping the j e t i n a i r and c l o s i n g the c o n t r o l h o l e . The 
nematodes i n the f l a s k can be taken ou t by removing the bung. 
The speed of nematode en t ry i n t o the J e t can be r egu la t ed by 
p a r t i a l l y o r f u l l y cover ing the c o n t r o l h o l e , 
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A New Device for Rapid Picking-Up of Heterodera Cysts 
A new device for efficient picking-up of 
Heterodera cysts was developed, the construc-
tion and working details of which are de-
scribed herein. 
Construction details (Fig. 1) : Two glass 
tubes (C,D) of 0.5 cm diameter were inserted 
into the neck of a conical flask (E) of 25 ml 
capacity through an airtight rubber cork. The 
tube 'D ' (10 cm length) was bent at a 135° 
angle and tapered into a jet at the other end. 
The tube ' C (5 cm length) was bent at a 90° 
angle. One end which was inside the flask was 
Figure I. Diagram of the apparatus used for 
picking-up of Heterodera cysts. A: water tap, B: 
aspirator, C: glass tube bent at 90° angle and 
having nylon net around its mouth, D: glass tube 
bent at 135° angle and having jet at outer end, and 
E: conical flask. 
covered with a nylon net (60 meshes linear 
inch). The other end of the tube ' C was con-
nected to an aspirator 'B' (Syn. filter pump) 
through a rubber tubing (0.5 cm diameter) of 
desirable length. The aspirator was connected 
to a water tap 'A.' 
Working details: The cysts were isolated b\' 
passing the soil-water suspension througli a set 
of sieves of 60 meshes. The "catch" was later 
poured over a funnel having No. 1 filter paper. 
When water was drained off, the filter paper 
with the "catch" was dried and placed vmder 
focus of a stereoscopic microscope. Before 
picking the cysts, the water tap 'A' was opened 
which started sucking the air into the aspirator 
causing a partial vacuum in the conical flask 
'E.' The flask 'E' was held in the one hand 
and the jet 'D' was introduced near the cyst 
which eventually gained entry into the flask. 
This operation was repeated with other cysts. 
The nylon net around the mouth of tube ' C 
checked the entry of cysts into the aspirator, 
The suction pressure was adjusted In- regulat-
ing the flow of water through the aspirator. 
Later the cysts, collected in flask 'E,' were re-
moved with the help of fine camel-hair-brush 
after closing the water tap 'A,' 
M. MASHKOOR ALAM, ABRAH M . KHAN 
AND S. K. SAXENA 
Department of Botany, 
Aligarh Muslim Unixersity, 
Ahgarh—202001, India 
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474 Nematologica 30 (1984): E. J. Brill, Leiden 
M. MASHKOOR ALAM' ) : A modification of the Oostenbrink elutriator model IIP). 
Efliciency of extraction of nematodes from soil samples with an Oostenbrink 
elutriator (Model III) may vary if the water suspension is drained before 
reaching the final mark or if it overflows due to lack of judgement of the 
operator. The elutriator is modified to avoid these operator errors. 
Modification: The outlet and the level indicator tube is replaced by a 
transparent siphon tube of 2 cm diameter (Fig. 1). Levels 1 and 2 are marked 
on the siphon tube; the upper limit of the siphon corresponds to the final mark 
(level 3). The other parts of the elutriator are the same as in the original model 
(Oostenbrink, I960). 
Working details: The flotation apparatus is filled with water up to the outlet of 
the top funnel (level 1). Water at a constant rate of 1 1/min (from a 'Turbo ' 
meter) is then introduced to the bottom of the apparatus through a perforated 
pipe until it reaches level 2; in the meantime a sample of 100-500 ml moist soil 
is washed into the apparatus via the top funnel by means of a nozzle delivering 
about 700 ml water/min. The top nozzle is then turned off and the water 
stream from below reduced to 600 ml/min (Rates of 2 1 and then 1 1 would be 
used for Longidorid sized nematodes). As soon as the level in the apparatus 
comes to the final mark (level 3) the suspension is automatically drained off 
through the siphon. Thus each sample receives exactly the same treatment. 
The suspension from the siphon is passed through a vibrating set of 350 mesh 
sieves (50 and 100 mesh sieves for Longidorid sized nematodes). The 'catch' is 
then collected from the sieves. The inside of the apparatus should be rinsed just 
before the siphon action is completed. 
') Department of Botany, Aligarh Muslim University, Aligarh-202001, India. 
') Paper presented in First International Congress of Nematology at Guelph, Ont., Canada 
(Aug. 5-10, 1984). 
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Fig. 1. Modification oj Oostenbrink elutrialor model III. 
OosTENBRiNK, M. (1960). Estimating nematode populations by some selected methods. Chapter 
6, pp. 85-102 in Nematology Ed. J . N. Sasser and W. R.Jenkins. The University of North 
Carolina Press, Chapel Hill, 480 pp. 
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A SIMPLE METHOD FOR IN^  VITRO SCREENING OF CHEMICALS FOR NEMA-TOXICITY 
M. Mashkoor Alam 
Reader 
Department of Botany, A l i g a r h Muslim U n i v e r s i t y 
A l i ga rh -202001 , INDIA 
For ix^ v i t r o evaluation of n e m a - t o x i c i t y of chemica ls , i t i s usual 
pract ice that the aqueous suspensions of nematodes are t r a n s f e r r e d to 
p e t r i d ishes /watch glasses c o n t a i n i n g s o l u t i o n s o f c h e m i c a l s . 
However, by doing so the concen t ra t i on o f the chemica l i s changed and 
the data becomes erroneous. T r a n s f e r o f i n d i v i d u a l spec imens t o 
chemical s o l u t i o n s i s a ra the r d i f f i c u l t task , and moreover, a l l the 
spec imens do no t go a t one t i m e , and thus they are oxptosed to the 
chemical for d i f f e ren t d u r a t i o n s . 
In another method, a l c o h o l i c s o l u t i o n s of chemicals are evaporated 
to dryness in p e t r i d i shes /watch glasses and then aqueous suspensions 
of nematodes are in t roduced; Somet imes i t i s d i f f i c u l t t o o b t a i n 
alcoholic solutions, and sometimes the dry m a t e r i a l s pose d i f f i c u l t y 
in re-dissolving with the aqueous suspensions of nematodes because of 
the speci f ic temperature requir-ed, e t c . 
In order for a l l these d i f f i c u l t i e s to be overcome and the e r r o r s 
to be minimized, a method was proposed by Alam £ ^ ail^ . (1973) which i s 
further modified and reported as f o l l o w s . A 5 - m l , aqueous suspension 
of about 500 nematode spec imens i s poured over a m e t a l l i c s i e v e o f 
2'IQ-350 meshes/linear inch (1.5 cm diameter nnd 1.0 cm i i o i gh t , f i t t e d 
with a f l a t handle of 5 cm). Thus the nematodes remain over t l ie mesh, 
and the water i s dra ined o f f . I f n e c e s s a r y , t hese spec imens are 
washed with s t e r i l i z e d water, then the sieve i s i n ve r t ed over a p e t r i 
dish or watch glass 40 mm i n d i a m e t e r , and the nematodes are washed 
down with 10 ml of the chemica l s o l u t i o n . The Inve r ted s ieve i s then 
p a r t i a l l y immersed and gently shaken in the s o l u t i o n so t ha t remain ing 
nematodes, i f any, are d i s lodged . In t h i s way a l l the specimens are 
t ransferred to the chemica l s o l u t i o n at one t ime w i t h o u t changing i t s 
c o n c e n t r a t i o n . A f t e r the l a p s e o f the s t i p u l a t e d t i m e (exposu re 
p e r i o d ) , these nematodes are t r a n s f e r r e d t o p l a i n w a t e r i n t he same 
manner, and the number of dead and l i v i n g nematodes are coun ted one 
hour l a t e r . The advantage o f t r a n s f e r r i n g the nematodes i n t o water i s 
that the p a r t i a l l y immob i l i zed nematodes gain m o t i l i t y , and in t h i s 
way, the a c t u a l m o r t a l i t y r a t e can be d e t e r m i n e d . For l o n g i d o r i d -
slzed nematodes, a 50-100 mesh s ieve can bo used. 
Reference 
Alam, M, M., M, W. Khan, and S. K. Saxena. 1973. I n h i b i t o r y e f f e c t 
of c u l t u r e f i l t r a t e s o f some r h i z o s p h e r e f u n g i o f ok ra on t he 
morta l i ty and l a r v a l hatch o f c e r t a i n p l a n t p a r a s i t i c nematodes. 
Indian J . Nematol. 3 :91-98 , 
(S) 47 
A SIMPLE METHOD FOR ESTIMATING LEAF AREA 
M.MASHKDOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India 
Since p lant leaves are the chief organs of photosynthesis, 
the measurement of t h e i r area cons t i tu tes one of the most 
important parameters to evaluate the capacity of photosynthetic 
system of a crop. Watson (19A6, 1956) observed tha t leaf area 
index and duration are closely correlated with dry-matter 
production. 
There are several methods for measuring leaf area , Jenkins 
(1959) proposed an a i r - f low planimeter, which is a simple and 
inexpensive apparatus, but i t i s unsuitable for large leaves . 
Orchard (1961) described an automatic d i g i t a l apparatus which is 
free from defects of the planimetery. Several authors have used 
the method involving the cor re la t ion of leaf length X maximum 
leaf width (Cormack & Bate, 1975a,b; Montegomery, 1911; 
Vivekanandan ejb al_., 1972). This method l ike other methods 
requires large number of samples and involves s t a t i s t i c a l ca lcula-
t i on . The ra t ing method of Humphries & French (1963) and the disk 
method of Watson & Watson (1953) are used in est imating the leaf 
a rea . A modification of the disk technique has been suggested by 
including only whole disks to minimize bias toward the midrib 
(Bremner & Ifeiha, 1956; Gunasena, 1969). However, in the disk 
method quickness to weigh the disks i s e s s en t i a l to avoid er rors 
tha t may occur due to loss of weight of d i sks . This method is 
also time consuming. 
Host of the avai lable methods are strenuous, time consuming 
and require large number of samples. Moreover, the accuracy i s 
less while measuring the area of those leaves having serrated 
margin or are of i r r egu la r shape. Ihe method described hereunder 
i s very simple, easy, accurate and can be used in such cases 
where the leaves have i r r egu la r shapes and are of any s i z e . But 
- 1 -
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t h i s method is su i tab le only in those cases where the leaves are 
not very th ick; are more or less f l a t and where they could be 
pressed whole without marked creasing and subsequent overlapping 
of the lamina. In case of thick leaves, t h i s method gives the 
c ross-sec t iona l area of the leaves instead of t h e i r surface area . 
The basic pr inciple of the present method is adopted from Watson 
& Watson (1953) and Bird (1959). 
PFDCEDURE 
The leaf samples are spread over t rac ing paper or any other 
paper of uniform th ickness . Outlines of leaf margins are made 
on the paper with the help of sharp- t ip penc i l . The t racings are 
cut out with the help of a sharp blade or any other such device. 
The cut-outs for each leaf are obtained from a t l e a s t 3-5 dif ferent 
places of the paper shee t . In case of large leaves, the samples 
are f i r s t cut into small pieces and each piece is tiraced over the 
paper. The cut-outs of t rac ings of d i f fe ren t leaves or leaf 
pieces are weighed separately on an e l e c t r i c balance. Cut-outs 
p 
of an area of 100 cm are also obtained in the same manner and 
weighed. The average weight of cut-outs of the leaf sample (W^  ) 
i s transformed to the area by ca l ib ra t ion with the average v/eight 
of paper piece measuring 100 cm^ (Wo), and thus the area of one 
side of the leaf sample i s calculated by the following formula: 
Area of one side of the leaf = (W /^Wp ) X 100 cm 
The t o t a l area of both sides of the leaf sample would be double 
of the above. This method has worked very s a t i s f a c t o r i l y in our 
labora tory . 
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SOME NEW HOST RECORDS OF ROOT-KNOT NEMATODE, MELOIDOGYNE 
INCOGNITA (KOFOID & WHITE, 1919) CHITWOOD, 1949 
BY 
M. MASHKOOR ALAM, ABRAR M. KHAN and S. K. SAXENA 
Department of Botany, Aligarh Muslim University, Aligarh, India 
The roots of Croton bonplandiamim Baill., Daclyloctenium aegyptium Beauv., Digera 
arvensis Forsk., Echinochloa colonum Link., Euphorbia clarkeana Hook., Justicia simplex D. Don., 
Paspalum scrobiailatum L., Pseudosorghum fasciculare A. Camus., Punica granatum L., Rosa indica 
L., Setaria glauca (L.) Beauv. and Sporobolus diander Beauv. possessed galls of varying sizes. Close 
examination of the perineal pattern of females showed that in each case they were infected with root-
knot nematode, Meloidogyne incognita. These are new records as host of this nematode 
(Khan et al., 1964; Goodey et al., 1965; Davidson and Townshend, 1967; Potter eta/., 1969 and 
Sitaramaiab et al., 1971). 
The help of Dr. Khalld Mahmood, Reader Department of Botany, in the identification 
of some of the plants is gratefully acknowledged. 
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ADDITIONS TO THE HOST RECORDS OF THE ROOT-KNOT NEMATODE 
INCOGNITA (KOFOID AND WHITE) CHlTWOOD 
MELOIDOGYNE 
Roots of a number of wild and cultivated plants 
belonging to different families were examined for 
infestation by root-knot nematodes in western 
Uttar Pradesh. Mature females were dissected out 
from the galled tissue of roots and their perineal 
patterns were cut; and stained with hot 0-01% 
acid fuchsin in lactophenol. The close study of 
these perineal patterns (Whitehead') revealed that 
the species involved was Meloidogyne incogniia 
(Kofoid and White) Chitwood. Some of these 
plants were found to be new hosts which have 
not been reported earlier (Goodey et al.'*, Davidson 
and Townshend-, Potter el at.*. Whitehead'*, 
Sitaramaiah et a/.", Roy'', Alam et o(.'). The list 
of plant species along with the host response is 
given in Table I. The host response was rated 
TABLE I 
Response of plants to the attack of the root-knot 
nematode, Meloidogyne incognita (Kofoid and 
White) Chitwood, with some new host records 
Hosts 
Size of Reac-
root- tioti of 
galls host 
Locality 
I 
Chenopodium 
ambrosioides L.** S 1 
Chenopodium murale L.** S. M 2 
Coleus bl'imei Benth.' • M, S 3 
Corchorus capsular is L. M, S 2 
Eclipta abla (L.) Hassk- S, M 2 
Eleusine indicaGaenn. S t 
Petunia hybrida \'\\m. M, L 3 
Rumex dental us L. S, M 1 
Vernonia cinerea (l..)Lcss. S 1 
Aligarh 
Bulandshahr 
Agra 
Bulandshahr 
Aligarh 
Bulandshalir 
Aligarh 
* New host record. 
•* First report from India. 
as : 1 = light infection, 2 = moderate infection. 
3 = heavy infection and 4 = severe infection. Size 
of root-galls, ranging from small (S), medium (M) 
to large (L) was also noted. 
Dept. of Botany. S. QAMAR A. NAQVI. 
Aligarh Muslim University, M. MASHKOOR ALAM. 
Aligarh, India, June 8, 1974. 
Achyranthes aspera L. 
Ageralum conyzoides L. 
Amaranthus gracilis Desf.* 
Arundo donax L.* 
Brassica oleracea var. 
caulocarpaL. 
Calendula officinalis L. 
Celosia argentea L.** 
Celosia cristata L. 
Chenopodium amaranticolor 
Coste and Reyn.* 
M,S 
S 
S 
S 
S, M 
M 
L 
L, M 
S 
2 
1 
1 
1 
I 
2 
4 
3 
1 
Aligarh 
,^ 
,. 
Agra 
Bulandshahr 
Aligarh 
" 
4. 
5. 
6. 
7. 
8. 
1. Alam, M. M., Khan, A. M. and Saxena, S. K.. 
Indian J. NematoL, 1974 (In press). 
2. Davidson, T. R. and Townshend, J. L., 
Nematolof-ica. 1967, 13, 452. 
3. Goodey, J. B., Franklin. M. T. and Hooper. 
D. J.. The Nematode Parasites of Plants 
Catalogued Under Tlieir Hosts (3rd Ed.), 
C.A.B., England. 1965. 
. Potter. J. W.. Townshend. J. L. and Davidson. 
•T. R.. Nemalologica, 1969. 15, 29, 
Roy, A. K.. Indian J. Nematol.. 1972. 2, 86. 
Sitaramaiah, K., Singh. R. S.. Singh. K. P. 
and Sikora. R. A.. Exp. Sta. Bull. No. i, 
U.P. Agric. Univ.. Pantnagar. 1971. 
Whitehead. A. G.. Trans. Zool. Soc. Lomlnn. 
1968. 31, 263. 
-^, Nematohgica. 1969. IS, 315. 
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NEW HOST RECORDS OF THE ROOT-KNOT NEMATODE, MELOIDOGYNE INCOGNITA 
The present communication gives the list of 
certain new hosts of the root-knot nematode, 
tMeloidogyne incognita (Kofoid and White, 1919) 
Chitwood, 1949, which have not been reported 
earlier''*. The specific identification was done by 
the close examination of the perineal patterns of 
mature females, taken out from the galled tissues 
of the roots. Hot acid fuchsin (0-01%) and 
lactophenol were used as staining and mounting 
materials respectively. The root infection based on : 
+ = light, +-I- = moderate, + + + = heavy, 
+ + -)-+ = severe and sizfrof root-galls ranging from 
small (S), medium (M) to large (L) were also 
noted. 
New Host Records: Cassia tora L. ( + , S); 
Cuciimis melo var. agrestis Naud. (-j—j—f-+ . L); 
Cyperus rotundas L. (-f , S); Digitaria cruciata 
(Nees.) A. Camus, ( + + , SM); Gomphrena 
alobosa L. (-f , S); Mukia maderaspatana Roem. 
( ++-|-f. L). 
New Reports from India : Coronopus didymus 
(L.)Sm. (-t-, S); Vitis vinifera L. ( + -|-, SM). 
Sec. of ^lant Pathology and M. MASHKOOR ALAM. 
Nematology, 
Department of Botany, 
Aligarh Muslim University, 
Aligarh 202001, India, March 8, 1975. 
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New host records of the root-knot nematode in North India 
M. MASHKOOR ALAM AND ABRAR M. KHAN 
Department of Botany, Aligarh Muslim University, Aligarh 202001, India 
Root-knot nematode, Meloidogyne spp. is polyphagus and has a wide host 
range. Large number of both cultivated and wild plants have been reported as its 
hosts, though there may be many more which await report. A survey was conducted 
in the Western districts (viz. Aligarh and Bulandshahr) of Uttar Pradesh for possible 
new hosts and their susceptibility to the root-knot nematode. The specific identification 
of the nematode was determined by close examination of the perineal patterns of the 
mature females, from the galled tissues of roots*. The species attacking all the plants 
reported herein, was found to be Meloidogyne incognita (Kofoid and White, 1919) 
Chitwood, 1949. The host infestation was rated as : -f- = light, -f-+ = moderate, 
+ -f-t- = heavy and -l--f-t--f = severe. Size of root-galls, ranging from small (S), 
medium (M) to large (L) was also noted. All plants listed below are new records as 
hosts of M. incognita^-*'^" : 
Abutilon indicum Sweet. (-f--f; M, L), Commelina nudiflora L. (+ + 4. + ;L), 
' Corchorus acutangulus Lam. (-+- -I- -J-; L, M), Cynodondactylon (L.) Pers. (+ ,S), 
Euphorbia geniculata Orteg. (+ + ; M, S), Lippia nodiflora Michx. (+ + ;M), 
Phyllanthus fraternus Web.(-f--f; M) Physalis peruviana L. (+ + ; M), Setaria 
verticillata (L.) Beauv.(-f + ; S, M). 
Thanks are due to Dr. S. K. Saxena, Reader Deptt. of Botany, A. M. U., 
Aligarh for the help in the identification of plant species. 
»Alam, M. M. Curr. Sci. 44 : 445, (1975). 
*Alam, M. M., A. M. Khan and S. K. Saxena. fndian J. Nematol. 3 : 159-160, (1973). 
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'Naqvi, S. Q. A. and M. M. Alam. Curr. Sci. 43 : 564, (1974). 
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'Roy. A. K. Indian J. Nematol. 2 :86-89, (1972). 
•Sitaramaiah, K., R. S. Singh, K. P. Singh and R. A. Silcora. Plant parasitic and soil 
nematodes of India, Exp. Sta. Bull. No. 3, U. P. Agr. Univ., Pantnagar, India, (1971;. 
•Whitehead. A. G. Trans. Zool. Soc, London 31 : 263-401, (1968), 
"Whitehead, A. G. Nematologica : 15 : 315-332, (1969). 
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AODinONVL HOsr RECORDS O? THE ROOT-KNOT NEMATODE, MELOIDOGYl^E ISCOGNITA 
IN NORTH INDIA 
It is well known that the root-knot nematodes 
belonging to the genus Meloidogyne cause enormous 
loss to many economicaliy important crops. They 
have a very wide host range in both cultivated and wild 
plants. Despite this there might be many more hosts 
whfch await the report. Hence, a survey was done in 
the Aligarh District (North India) for host range and 
host susceptibility of the prevailing species of the 
nematode. The specific identification was done by 
close examination of the perineal patterns of mature 
females, taken out from galled tissues of roots. Hot 
acid fuchsin (001%) and laclophcnol were used as 
staining and mounting materials respectively. The 
species attacking all the plants, reported here, was 
found to be Meloidogyne incognita (Kofoid and White 
1919) Chitwood, 1949. The root-knot infection was 
rated as - = light (1-25%),-r + = moderate (26-50%), 
+ + -t- = heavy (51-75%) and + 4-+ + = severe 
(76-100%) on the basis of percentage of roots infected 
as suggested by Smith and Taylor'"; and the size of 
root galls recorded as small (S), medium (M) and large 
(L). All the plants listed below are new host records 
of M. incognita which have not been reported 
earlier'"*'": 
New host records: Acacia arabica Willd. (+ ; S), 
A. farnesiana Wall. ( + ; S), Calotropis proceru 
IJry. (+ • ; S, M), Cnr^ia occidentail. L. ( f; S), 
Centauier, cjoniis L. (-i I : M, S), Fumaria parviflora 
Lamk. ( + ; S), Hibiscus rosa-sinensis L. ( + + ; S) 
Iponwea carnea Facq. (4- + ; M), /. eriocarpa R. Br. 
;Prod. (4 + + ;M), Laimaea asplenifolia Hook. (-f 4 ; 
S, M), Physatis peruviana L. ( + - r ; M), Portulaea 
quadrlfida L. (-4- + ; M, S), Rumex hastatus Don 
Prod. ( + ; S). Sida cordifolia L. (-(--I-; S, M), 
Spinacia oleracea L. ( i + t- 4 ; L, M), yicia 
liirsuta (L.) Gray. ( • f; M). 
First report from India: Antirrhinum majus L. 
(4-4-4 I-; L), Cichorium iniyhiis L. (-;-; S). 
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Some additions to tlie liosts of root-knot nematodes 
M. MASHKOOR ALAM 
Department of Botany, Aligarh Muslim University, Aligarh 202 001 
During a survey in Aligarh District of Uttar Pradesh (North India), a large 
number of plants were examined for root-knot infection. Some of these plants, listed 
below, arc new host records of root-knot nematodes^'*: 
(a) Meloidogyne incognita (Kofoid. and White.) Chitwood. New records: 
Basella rtibra L , Lathyrus sativa L. 
(b) Meloidogyne javanica (Treub) Chitwood. New records: Anagallis arvensis 
L., Vinca rosea L. First report from India : Clitoria ternatea L., Euphorbia pulcherrima 
willd. 
'Goodcy, J.B., M. T. Franklin and D. J. Hooper. 7%e nematode parasites of plant catalogued 
under their hosts (3rd Ed.), C. A. B., England, (1965). 
•Sitaramaiah, K., R. S. Singh, K. P. Singh, and R. A. Sikora. Exp. Sta. Bull. No. 3, 
U. P. Agr. Univ., Pantnagar, India, (1971). 
Accepted for publication October 16, 1980. 
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INCIDENCE OF THE ROOT-KNOT NEMA-
TODE, MELOIDOGYNE JAVAmCA 
(TREUB, 1885) CHITWOOD, 1949 IN 
CERTAIN WILD AND CULTIVATED 
PLANTS,WITH SOME NEW HOST RECORDS 
ABSAR M. KHAN AND M. MASHROOR. ALAM 
Dffarlmtnti^Zoologyl Botany, Allgarh Miallm 
UmvenUf, AKgark'-202U0l (iMUay 
iReeeindJime 27; tUrisedJiUy 31.1974) 
A survey by uprooting several wild ind cultivated 
plants WM done in the weitern dinrict of Uttar 
Pradesh for the lofestation of the root-knot nematode. 
Table I. (ncideoce of the rootoknot nematode, M. 
javettiea in certain wild and cultivated plants, 
(•=New host record ; **—First report from 
India). 
Hosts 
Apfttmi eoicflniiu 
Brmssiea oltratia var. 
emdocarpa 
Cilotta ttTgntta 
Chaupedium amaranHe»l»r 
Corehonu cepsuUtris 
Crotim bonthmdiamim 
Cynedon daetylm 
Cypettu rohituks 
Dactyloettmum a*gypt\wm 
Digira arrensU 
EchinocUta eolmtum 
Eetipia tlh» 
El*utiiu indita 
Gmiphrtiu globosa 
Jmstieia timpltx 
Pttimia hthrida 
Sttaria Btrticillata 
Sida cerdlfalia 
Degree 
of 
infection 
• » -
+ 
Locality Remarks 
Bulandshahr 
Aligarh 
++++Aligarh 
+ 
+ + 
+ + + 
+ 
+ 
+ 
+ + 
+ 
+ 
+ 
+ 
+++ 
++ 
++ 
++ 
Aligarh* 
Hathrus 
Meerut 
Agra** 
Agra** 
Mathura* 
Hapur 
MuzaflTarnagar** 
Anupsbabr 
Sharanpur** 
Khujja** 
Ghazibad 
Bu/andshar 
Aligarh** 
Bulandshahr** 
Mature females of the root-knot nematode were dis-
sected out from the galled tissue of the rooti. The 
perineal patterns of these females were cut and stained 
with hot 0.01% acid fuchsin in lactophcnol. It was 
revealed, after the dose study of these perineal patteint 
(Whitehead, 1968), that the species Involved was 
Miloidogyne jaoaniea (Treub, 1885) Chitwood, 1949. 
Some of these were new hosts which have not been 
reported earlier (Goodey et al., 1965; Whitehead, 1969; 
Sitaramaiah et al., 1971 and Alam et al., 1974). List 
of plants including some new host records along with 
degree of infection is given in the Table 1. Rating 
for the degree of infection was as follows: -|- •• light 
infection (1-25%), +-»- •^  moderate infection (26-50%), 
-I- + -I- =» heavy infection (51-75%) and +-J-+-I- -» 
severe infection (76-100%). The percentage gjven In 
parenthesis was the average of percent infestation in 
plants and percent infection in roots. These were 
calculated as follows : 
Number of infected 
Percent infestation in planis=P'*-i'* XIQO 
xiot 
Total number of 
plants screend 
Weight ofgalled 
Percent infection in roots-P°^"°" "^"^'' 
i otai weigtit of fviol • 
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Some new host records of root-knot nematode, Meloidogyne javanica 
M. MASHKOOR ALAM, ABRAR M . KHAN AND S. K. SAXENA 
Section of Plant Pathology and Nematology, Department of Botany, Aligarh Muslim 
University, Aligarh 202001, India. 
During the course of survey of plant parasitic nematodes, some new hosts for 
root-knot nematode, A/e/o;V/o^;'«ey'avamVa (Treub. 1885) Chitwood, 1949, have been' 
found which have not been recorded earlier (Khan et al.-; Goodey et a/.'; Whitehead*: 
and Sitarama^iah et al.'). The list of new hosts is given below with degree of infection 
(-I- = light infection; + + = moderate infection; + + 4- = heavy infection; 
+ 4- + + = severe infection). 
New records : Amaranthus gracilis Desf. ( + ); Chenopodium ambrosioides 
L. ( + ); Cucumis melo var. agrestis Naud. ( + + ) ; Euphorbia clarkeana Hook. 
( + - f - + ) ; Mukia maderaspatana Roem. ( + 4 - + ); Rosa indica L. ( + ); Setaria 
glauca ( L.) Beauv. ( + ). 
New reports from India : Achyranthes aspera L. ( + + ); Calendula officinalis 
L. ( 4- ); Celosia cristala L. ( 4 4 ) ; Chenopodium murale L. ( 4 4 ) ; Coleus blumei 
Benth. ( 4 f 4 ); Hibiscus rosa-sinensis L. ( 4 ); Punica granatum L. ( 4 ); Vcrnonia 
cinerea (L.) Less. ( 4 ). 
'Goodey, J. B.. M. T. Franklin and D. J. Hooper. The nematode parasites of plants cata-
logued under their hosts. (3rd. Ed.) Common. Agric. Bur., Farnham Royal, England, (1965). 
•Khan, Abrar M., M. R. Siddiqi, E. Khan, S. I. Husain and S. K. Saxena. List of stylet-
bearing nematodes reported from India-/. Nematol. Pub. No. 1, Deptt. of Botany and PI. Path., 
A.M.U., Aligarh, U.P., India. (1964). 
'Sitaramaiah, K., R. S. Singh, K. P. Singh and R. A. Sikora. Plant parasitic and soil 
nematodes of India. Exp. Sta. Bull. No. 3, V.P. Agri. Univ. Pantnagar, India, (1971). 
'Whitehead, A. G. Nematologica. 15 : 315-332. (1969). 
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New host records 
of the root-knot nematode 
A survey of wild and cultivated plants was 
conducted in the Aligarh District of north India 
to identify possible alternate hosts of Meloido-
gyne juvatuca (Treub) Chitwood. 
A number of plants were uprooted and ex-
amined. Mature female root-knot nematodes 
were dissected from the galled tissue of the 
roots. Sections of perineal patterns of these 
females were prepared with hot 0.01 percent 
acid fuchsin in lactophenol. These sections 
were studied for specific identification. 
Some of the plants were found to be host^ 
not reported earlier. These were. 
A rundo donax L. (-I-) 
Paspaltim scrobiculatum L. (+- f ) 
Psetidosorghum fasciciilare A. Camus, (-f) 
Rtimex dentatiis L. (-I-) 
Sporobohis diander Beauv. (-f-(-) 
in which { + ) = poor host, (-f-f) = mtxler-
ately susceptible host. 
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SUITABILITY OF CROPS TO CERTAIN ECTOPARASITIC NEMATODES 
M. MASHKOOR ALAM. S. K. SAXENA AND ABRAR M. KHAN 
DEPARTMENT OF BOTANY, AUOARH MUSLIM UNIVERSITY, ALIOARH 202001 
Sixty eight economically important plant species were tested for their suitability to four 
commonly occurring ectoparasitic nematodes viz., Hoplolaimus indicus, Helicotylenchus 
indicus, Tylenchus filiformis and Trichodorus mirzai. The plants reacted differently to 
different nematodes. Cock's comb, sweet sultan, wallflower, tickseed, dahlia, cape 
marigold, rocket salad and marigold were found to be poor; and chilli, carrot and 
cowpea as moderate hosts for all the test nematodes. 
High populations of Hoplolaimus indicus S^er, Htlicotylenchus indicus Siddiqi, 
Tylenchus Jiliformis Butschli and Trichodorus mirzai Siddiqi were reported by Rashid 
et al. (1973) around the roots of several crops in Uttar Pradesh, It is likely that 
when we have embarked intensive cultivation and relay cropping programme 
these nematodes might become a serious threat to our agriculture. Therefore, 
there is always a need to study the host suitability against the prevailing nema-
tode fauna. Although considerable work on the host suitability to the various 
nematode species has been done in agriculturally advanced countries (Good, 1972; 
Nusbaum and Ferris, 1973), but this information is almost lacking in India. 
Hence, an attempt has been made to evaluate the suitability of 68 economically 
important plants to the above mentioned nematode species. 
The experiments were carried out during a period from 1970 to 1976. 
Both rabi (winter) and kharif (summer) crops were selected and were grown in 
their respective seasons. Each crop was grown atleast three times during the 
period of study. The fields having high populations of the test species of nema-
todes were selected for these studies. Normal agronomic treatments were given 
during the cultivation of crops. The population of nematodes was determined 
before sowing (Pi) and also after harvesting (Pf) of the crops with the help of 
Oostenbrink's elutriator and modified Baermann funnel techniques (Southey, 1970). 
Reproduction factor (R=Pf/Pi) for each nematode species on different crops, 
calculated by dividing the final population (Pf) by the initial population (Pi), 
was used for ranking the plants as good ( R > 1-50), moderate ( R = TOO to 1*49) 
and poor ( R < 1 00) hosts. 
A perusal of results'presented in Table 1, clearly demonstrate that different 
crops reacted differently to different nematodes. Cock's comb, sweet sultan, 
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TABLE I. Suitability of sixty eight cultivated plants to phytooematodes. 
Names of the plants 
Abelmoschus esculantus Moench. 
Allium cepa L. 
A. sativum L. 
Althaea rosea Cav. 
Antirrhinum majus L. 
Avena saliva L. 
Benlneasa hisptda Cogo. 
Beta vulgaris L. 
Brassica campestris L. 
B. rapa L., 
B. oleraeea botrytis L. 
B. oleraeea capitata L. 
B. oleraeea caulocarpa Pasq. 
Cajanus cajan Milsp. 
Calendula officinalis L. 
Capsicum annuum L. 
Celosia cristata L. 
Centaurea cyanus L. 
C. moschata L. 
Cheiranthus cheiri L. 
Chrysavhemum crinatum L, 
Circer arietinum L. 
Coreopsis'tinctoria Nutt. 
Coriandrum sativum L. 
Cosmos bipinnalus Cav. 
Crotolaria JUHcea L. 
Cyamopsis tetragonaloba Taub. 
Dahlia pinnata Cav. 
Daucus carMa L. 
Dimorphotheca sinuat D. C. 
Doliehos biflorus Roxb. 
Eaglisb/commoa nanies 
Okra 
Onion 
Garlic 
Hollyhock 
Antirrhinum 
Oat 
White gourd/petha 
Table beet 
Mustard 
Turnip 
Cauliflower 
Cabbage 
Knol khol 
Pigeon pea/arhar 
Calendula 
Chilli 
Cock's comb 
Cornflower 
Sweet sultan 
Wallflower 
Chrysantbemvm 
Bengal gram 
Tickseed 
Coriander/dhania 
Cosmos 
Suonhemp/phulsan 
Clusterbean/gaur 
Common or/garden 
dahlia 
Carrot 
Cape marigold/African 
daisy 
Horse gram/khurti 
Host 
Hot) 
G 
P 
P 
P 
M 
P 
M 
G 
M 
P 
M 
P 
P 
G 
M 
M 
P 
M 
P 
P 
P 
P 
P 
G 
G 
M 
G 
P 
M 
P 
P 
response 
Hel 
M 
P 
P 
M 
P 
P 
M 
G 
P 
P 
M 
P 
P 
P 
M 
M 
P 
M 
P 
P 
G 
P 
P 
P 
M 
P 
M 
P 
M 
P 
P 
to nematodes 
Tyl 
M 
G 
P 
G 
P 
P 
M 
M 
P 
M 
G 
G 
M 
P 
P 
M 
P 
P 
P 
P 
P 
M 
P 
M 
P 
P 
P 
P 
M 
P 
M 
Tri 
M 
G 
G 
P 
M 
M 
P 
M 
P 
P 
M 
M 
P 
P 
M 
-M 
P 
P 
P 
P 
P 
P 
P 
P 
P 
M 
P 
P 
M 
P 
M 
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Name of the plants 
Eruca sativa Mill. 
Gossypinm sp. L. 
Hibiscus cannabinus L. 
Hordeum vulgare L. 
Jmpatiens bahamina L. 
Kochia scoparia Schrad. 
Lagenaria leucantha Rusby. 
Lens culinaris Medic. 
Linum usiiasissimuui L. 
Luffa acutangula Roxb. 
Lycopersicon Lycopersicon (L.) 
Karsten 
Nicotiana tabacum L. 
Papaver somniferum L. 
Pennisetum typhoides Stapf. 
Phaseolus aconitifolius Jacq. 
P. aureus Roxb. 
P. munge radiatus L. 
Phlox drummondii Hook. 
Pisum sativum L. 
Portulaca oleracea L. 
Raphanus sativus L. 
Ricinus communis L. 
Saccharum officinarum L. 
Sesamum indicum L. 
Sesbania aculeata (Willd.) Poir 
Solanum melongena L. 
S. tuberosum L. 
Sorghum vulgare Pers. 
Spinacia oleracea L. 
Tagetes erecta L. 
Trigonella foenumgraecum L. 
Triticale Sp. 
Triticum aestivum L. 
Vigna catjung Walp. 
Viciafaba L. 
.?«« ffio^i L. 
Zinnia elegans J acq. 
English/comuon naiUMi 
Rocket salad/dhilan 
Cotton 
Brownhemp/patsan 
Barley 
Balsam 
Kochia 
Bottlegourd/lauki 
Lentil/fliasoor 
Lineseed 
Ridgegourc^/torai 
Tomato 
Tobacco 
Poppy 
Pearlmillet/bajra 
Kidney bean/moth 
Green gram/moong 
Black gram/urad 
Phlox 
Pea 
Portulaca/kulfa 
Radish 
Castor 
Sugarcane 
Sesame/til 
Sesbania/Ohaincha 
Eggplant/brinjdl 
Potato 
Sorghum/jowar 
Spinach 
Marigold 
Fenugreek/methi 
Triticale 
Wheat 
Cowpca/lobia 
Broadbean/bakla 
Corn/maize 
Zinnia 
Host response to nematodes 
. ^ 
Hop 
P 
G 
G 
G 
P 
P 
P 
P 
P 
P 
G 
M 
M 
M 
M 
M 
M 
P 
G 
G 
P 
G 
G 
G 
G 
P 
G 
P 
P 
P 
M 
M 
G 
M 
P 
M 
G 
Hel 
P 
M 
M 
M 
M 
P 
G 
P 
M 
M 
M 
G 
P 
G 
G 
P 
M 
M 
G 
M 
P 
M 
G 
P 
M 
P 
M 
P 
P 
P 
M 
M 
M 
M 
P 
P 
M 
Tyl 
P 
G 
M 
P 
P 
G 
M 
M 
M 
G 
M 
P 
M 
M 
M 
G 
P 
p 
P 
G 
P 
M 
M 
P 
M 
M 
G 
M 
G 
P 
G 
M 
M 
M 
P 
P 
G 
Tri 
P 
M 
M 
M 
P 
P 
M 
P 
M 
M 
P 
M 
P 
M 
P 
P 
P 
P 
M 
M 
G 
M 
G 
P 
P 
P 
M 
P 
M 
P 
G 
P 
M 
M 
M 
P 
G 
P, M, G=Poor, moderate, good hosts. 
Hop=Hoplolaimus indicus, iie)=Helicotylenchus indicus, Ty\=Tylenchus filiformis. 
Tri^Trichodorus mirzai. 
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wallflower, ticksced, dahlia, cape marigold, rocket salad and marigold did not 
support the multiplication of all the four species of nematodes tested, while chilli^ 
carrot and cowpea were found to be moderate in reaction for all the nematodes. 
Interestingly, almost all the members of the family Compositae were found to 
suppress the nematodes populations. Similar observations have also been reported 
by Winoto-Suatmadji (1969) and Alam tt al. (1977). These fin4ings would be of 
great interest to farmers in planning a cropping pattern where these nematodes 
become problem and would thus go along way in developing advisory services. 
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SUITABILITY OF CROPS 1 0 THE RENIFORM, STUNT 
AND ROOT-KNOT NEMATODES 
M. MASHKOOR ALAM, S.K. SAXENA AND ABRAR M. KHAN 
Department of Botany, Aligarh Muslim University, Alifarh 202001, India. 
ABSTRACT 
Sixty eight economically important plant species were tested for their suitability to the 
reniform (Rotylenchulus reniforrtiis), stunt (Tylencliorhynchus brassicae) and root-knot (Afeloi-
dogyne incognita) nematodes. Different hosts reacted differently to the three test nematodes. 
However, tickseed, cosmos, sann hemp, cape marigold, rocket salad, balsam, sesame and 
marigold were found to be poor; calendula, corn flower and black gram moderate; and okra, 
bengal gram, cotton, tomato, green gram and eggplant good hosts for all the three nematodes. 
INTRODUCTION 
THE reniform nematode {Rotylenchulus reniformis Linford & Oleviera), the stunt nematode (Tylenchorhynchus brassicae Siddiqi) and the root-knot 
nematode {Meloidogyne incognita (Kofoid & White) Chitwood), are most 
commonly occurring plant parasitic nematodes around vegetables, fruits, 
cereals and other crops in Uttar Pradesh (Khan, 1969; Rashid e/o/., 1973) 
and are responsible for causing considerable losses to crops every year. Of 
the various methods of control of nematodes, management of population 
through effective advisory control programmes and cultural practices arc the 
best and most suitable methods for our country. Determination of host suit-
ability to the existing population of nematodes thus becomes a pre-requisite 
for the success of such a programme. Considerable work in this direction 
has been carried out by Good (1972), Oostenbrink (1972), Nusbaum & Ferris 
(1973) in agriculturally advanced countries, but this kind of information is 
lacking in India. Therefore, an attempt has been made to evaluate the suit-
ability of sixty eight economically important plants to the reniform, stunt and 
root-knot nematodes. 
MATERIALS AND METHODS 
The results reported herein are outcome of the study on host suitability 
spread over for a period of seven years (1970-1976). Both rabi (Winter^ and 
kharif (Summer) season crops were selected and were grown in their respective 
cultivation season. Each crop was grown at least thrice during the period of 
study. The field, where the plants were grown, harboured a high population 
of R- reniformis, T. brassicae and M. incognita in the soil. Normal agronomic 
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practices were provided during tlie cultivation of crops. Nematode population 
was determined before sowing (Pi) and after harvest (Pf) of the crop by using 
Oostciibrink's elutriator and modified Baerman funnel techniques fSouthey, 
Pf 
1970). Reproduction factor (R=prfor each of the test species of nematodes 
for different crops, calculated by dividing the final population (Pf) by the ini-
tial population (Pi), was used for ranking the plants as good (R>1.50), mode-
rate (R=1.00 to 1.49) and poor (R<1.00) hosts. 
RESULTS 
The rcniform nematode : 
Onion, garlic, hollyhock, oats, mustard, cauliflower, pigeon pea, cock's 
comb, sweet sultan, wall flower, chrysanthemum, tickseed, coriander, cosmos, 
sann hemp, cluster bean, dahlia, cape marigold, horse gram, rocket salad, barley, 
balsam, linseed, portulaca, radish, sesame, dhaincha, marigold, broad bean 
corn and zinnia did not favour multiplication of the nematode and thus were 
poor hosts for R. reniformis (Table I). 
Antirrhinum, white gourd, table beet, cabbage, knol khol, calendula, chflli, 
corn flower, brown hemp, bottle gourd, ridge gourd, pearl millet, kidney bean, 
black gram, pea, sugarcane, sorghum, triticale, wheat and cowpea served as 
moderate hosts. 
Okra, turnip, bengal gram, carrot, cotton, kochia, lentil, tomato, tobacco, 
poppy, green gram, phlox, castor, eggplant, potato, spinach and fenugreek 
favoured the multiplication of the nematode. These hosts are, therefore, good 
hosts for R. reniformis. 
The stunt nematode : 
The multiplication of T. brassicae was poor (Table I) around cock's comb 
tickseed, coriander, cosmos, sann hemp, cluster bean, cape marigold, rocket 
salad, balsam, sesame, spinach, marigold and wheat. 
Onion, oats, table beet, mustard, pigeon pea, calendula, com flower, sweet 
sultan, chrysanthemum, dahlia, carrot, horse gram, brown hemp, bottle gourd 
linseed, tobacco, poppy, kidney bean, black gram, pea, castor, dhaincha,' 
potato, cowpea, broad bean and corn proved to be moderate hosts. 
Okra, garlic, hollyhock, antirrhinum, white gourd, turnip, cauliflower, cab-
bage, knol khol, chilli, wall flower, bengal gram, cotton, barley, kochia 
lentil, ridge gourd, tomato, pearl millet, green gram, phlox, portulaca,' radishi 
sugarcane, eggplant, sorghum, fenugreek, triticale and zinnia were ranked as 
good hosts. 
The root-knot nematode : 
Onion, garlic, hollyhock, oats mustard, cauliflower, knol khol, pigeon pea, 
6o 
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Table—I : Suitability of some cultivated plants to phyto-nematodes. 
Latin names 
Abelmoschus esculentus Moench. 
Allium cepa L. 
A. sativum L. 
Althaea rosea Cav. 
Antirrhinum majus L. 
Avena saliva L. 
Benincasa hispida Cogn. 
Beta vulgaris L. 
Brassica campestris L. 
B. rapa L. 
B. oleracea botrytis L. 
B. oleracea capitata L. 
B. oleracea eaulocarpa Pasq. 
Cajanus cajan Milsp. 
Calendula officinalis L. 
Capsicum annmim L. 
Celosia eristata L. 
Centaurea cyaniis L. 
C. moschata. L. 
Cheiranthus cheiri L. 
Chrysanthemum crinatiim L. 
C/c<r arietinum L. 
Coreopsis tinctorla Nutt. 
Coriandrum sativum L. 
Cosmos bipinnaius Cav. 
Crotolaria juncea L. 
Cyamopsis telragonoloba Taub. 
Dahlia pinnala Cav. 
Daucus carota L. 
Dimorphotheca Anuata DC. 
Dolichos blflurus Roxb. 
£rj/(a iarna Mill. 
Gossypium Sp. L. 
Hibiscus cannabinus L. 
Hordeum vulgare L. 
English/common names 
Okra 
Onion 
Garlic 
Hollyhock 
Antirrhinum 
Oats 
White gourd/petha 
Table beet 
Mustard 
Turnip 
Cauliflower 
Cabbage 
Knol khol 
Pigeon pea/arhar 
Calendula 
Chilli 
Cock's comb 
Corn flower 
Sweet sultan 
Wall flower 
Chrysanthemum 
Bengal gram 
Tickseed 
Coriander/dhania 
Cosmos 
Sann hemp/phulsan 
Cluster bean/guar 
Common or garden dahlia 
Carrot 
Cape marigold/African dasy 
Horse gram/khurti 
Rocket salad/duan 
Cotton 
Brown hemp/patsan 
Barley 
Host response 
to 1 
Rot 
G 
P 
P 
P 
M 
P 
M 
M 
P 
G 
P 
M 
M 
P 
M 
M 
P 
M 
P 
P 
P 
G 
P 
P 
P 
P 
P 
P 
G 
P 
P 
P 
G 
M 
P 
nematodes 
Tyl 
G 
M 
G 
G 
G 
M 
G 
M 
M 
G 
G 
G 
G 
M 
M 
G 
P 
M 
M 
O 
M 
G 
P 
P 
P 
P 
P 
' M 
M 
P 
M 
P 
G 
M 
G 
Mel 
G 
P 
P 
P 
G 
P 
M 
G 
P 
M 
P 
M 
P 
P 
M 
G 
M 
M 
P 
M 
P 
G 
P 
M 
P 
P 
G 
P 
O 
P 
M 
P 
O 
O 
P 
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Tabic I (Contd.) 
Latin names 
Impatieiis babamina L. 
Kochia scoparia Schrad. 
Lagenaria leucantha Rusby. 
Lens culinaris Medic. 
Linum usitaiissimum L, 
Luffa aculangiila Roxb. 
Lycopersicon lycopersicum (L.) Karsien. 
Nicoilana labaciim L, 
Papaver somniferum L. 
Penniselum typholdes Stapf. 
Phaseohis aconilifolius Jacq. 
P. aureus Roxb. 
P. miingo radiatus L. 
Phlox drummondii Hook. 
Plsum sativum L. 
Porluluca oleracea L. 
Raphaniis sativus L. 
Ricinus communis L. 
Saccharum officinarum L. 
Sesamum indicum L. 
Sesbania aculeata (Willd.) Poir. 
Solamim melangena L. 
S. tuberosum L. 
Sorghum vulgare Vets. 
Spinacia oleracea L. 
Tageles erecta L. 
Trigonella foenumgraecum L. 
Triiicale Sp. 
Trilicuin aeslivum L. 
Vigna catjang Walp. 
^7f/o faba L. 
Zea mays L, 
Zinnia elegans Jacq. 
English/common names 
Balsam 
Kochia 
Bottle gourd/lauki 
Lentil/masoor 
Linseed 
Ridge gourd/torai 
Tomsto 
Tobacco 
Poppy 
Pearl millet/bajra 
Kidney bean/moth 
Green gram/moong 
Black gram/urad 
Phlox 
Pea 
Portulaca/kulfa 
Radish 
Castor 
Sugarcane 
Sesame/til 
Dbaincha 
Eggplant 
Potato 
Sorghum/jowar 
Spinach 
Marigold 
Feaugreek/methi 
Triticale 
Wheat 
Cowpea/lobia 
Broad bean/bakia 
Corn/maize 
Zinnia 
Host lesponsc 
to nematodes 
Rot 
P 
G 
M 
G 
P 
M 
G 
G 
G 
M 
M 
G 
M 
G 
M 
P 
P 
G 
M 
P 
P 
G 
G 
M 
G 
P 
G 
M 
M 
M 
P 
P 
P 
Tyl 
P 
G 
M 
G 
M 
G 
G 
M 
M 
G 
M 
G 
M 
G 
M 
G 
G 
M 
G 
P 
M 
G 
M 
G 
P 
P 
G 
G 
P 
M 
M 
M 
G 
Mel 
P 
P 
G 
P 
G 
G 
G 
G 
M 
P 
P 
G 
M 
P 
G 
G 
P 
M 
P 
P 
P 
G 
G 
P 
G 
P 
M 
P 
P 
P 
M 
P 
P 
P, M, G=Poor, moderate, good hosts. 
Rot=Roiylenchulus reniformis Linford & Oleviera, Tyl=Tyltnchorhynchus brassicae Siddiqi, 
Mel=Meloidogyne incognita (Kofoid & White) Chitwood. 
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sweet sultan, chrysanthemum, tickseed, cosmos, sann hemp, dahlia, cape marig-
old, rocket salad, barley, balsam, kochia, lentil, pearl millet, kidney bean, 
phlox, radish, sugarcane, sesame, dhaincha, sorghum, marigold, triticale, 
wheat, cowpea, corn and zinnia proved to be poor hosts for M. incognita 
(Table 1). 
White gourd, turnip, cabbage, calendula, cock's comb, corn flower, wall 
flower, coriander, horse gram, poppy, black gram, castor, fenugreek and broad 
bean were moderate in their reaction to the nematode. 
Okra, antirrhinum, table beet, chilli, bengal gram, cluster bean, carrot, 
cotton, brown hemp, bottle gourd, linseed, ridge gourd, tomato, tobacco, 
green gram, pea, portulaca, eggplant, potato and spinach were good hosts. 
DISCUSSION 
The results clearly indicate that dififerent crops behaved difl'erently to diflc-
rcnt nematodes. Tickseed, cosmos, sann hemp, cape marigold, rocket salad, 
balsam, sesame and marigold were found to be poor hosts for all the three 
nematodes tested. On the other hand, calendula, corn flower and black gram 
were moderate hosts and okra, bengal gram, cotton, tomato, green gram and 
eggplant were good hosts for all the three nematodes. In these studies almost 
all the members of compositae have been found to suppress the population of 
plant parasitic nematodes, which is in accordance with the findings of Winoto-
Suatmadji (1969) and Khan et al. (1971). 
This information would, therefore, go a long way in developing advisory 
control programmes for specific nematode problems. 
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SCREENING AMARANTHUS SPECIES AGAINST THE ROOT-KNOT NEMATODE 
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Keywords; Amaranthus spp., plant reaction, Meloidogyne incognita 
Introduction 
Different species of Amaranthus are cultivated as vegetable, ornamental or 
fodder crops. Most are liable to severe infection by the root-knot nematodes, 
Meloidogyne spp., in the tropics, which makes crop rotation difficult. 
Babatola & Awoderu (1) have reported some level of resistance in certain 
cultlvars. In view of the importance of this crop we have screened some of 
the more conaonly-used species of Amaranthus against the root-knot nematode, 
Meloidogyne incognita (Kofoid 4 White) Chitwood to detect any sources of 
resistance. 
Materials and Methods 
Four seeds of each test species of Amaranthus were sown in clay pots 
containing 1 kg of autoclaved soil. When the seedlings had emerged they were 
thinned to leave one per pot. The seedlings were then inoculated with 1000 
freshly-hatched 2nd-stage juveniles of M. incognita. Uninoculated seedlings 
served as checks. There were five replicates for each of the Amaranthus 
species. After 2 months, the plants were removed from the pots and the roots 
were washed thoroughly. The extent of galling and the reactions of the plants 
were rated aa described by Taylor & Sasser (3). 
Results and Discussion 
The results (Table I) indicated that different species of Amaranthus differed 
in their reactions to the root-knot nematode. A. eangeticus var. tristis was 
rated as highly resistant, A. tricolor var. splenderes as resistant and A. 
paniculatus, A. hypochondriacus, A. gangeticus var. lanceolatus, A. blitum 
var. oleracea and A. caudatus var. alopecurus as 
Table 1. The gall index and resistance categories of different species of 
Amaranthus to the root-knot nematode, Meloidogyne incognita. 
Amaranthus Loss in Plant number 
pec les 
A. blitum 
var. oleracea 10.9 
A. caudatus 
var. alopecurus 8.9 
A. hypochondri.acus 6.5 
A. paniculatus 12.0 
A. gangeticus 
var. lanceolatus 9.4 
var. livxdus 36.3 
var. polygamus 41.9 
var. tristis 
A. tricolor 
plant wt(X) I II III IV Mean 
Resistance 
category 
var. splenderes 
3.5 
6.5 
CD. (P 
(P 
0.05) 
0.01) 
1.5 1.0 1.0 1.5 2.0 1.4 
2.0 2.0 
1.0 I.O 
1,0 1.0 
0.5 
4.0 
4.0 
0.0 
0.0 
1.0 
4.0 
5.0 
0.0 
2.0 
1.0 
1.0 
1.0 
4.0 
5.0 
0.0 
2.0 
1.0 
1.0 
2.0 
4.0 
5.0 
0.0 
1.0 
1.0 
0.0 
5.0 
0.0 
1.8 
1.0 
0.8 
1.1 
4.0 
4.8 
0.0 
0.0 0.4 0.5 0.6 0.3 
0.30 
0.40 
MR 
MR 
MR 
MR 
MR 
S 
HS 
HR 
HR " Highly resistant; R 
S • Susceptible; HS 
Resistant; MR * Moderately resistant; 
Highly susceptible. 
6S 
moderately resistant. In contrast, A. gangeticus var. lividus was rated as 
susceptible and A. gangeticus var. polygamus as highly susceptible to the 
nematode used in these tests. 
The reactions of the differing species of Amaranthus thus revealed a large 
gene-pool of resistance to H. incognita in A. gangeticus var. tristis and 
possibly sooe of the other species tested such as A. tricolor var. splenderes. 
These, and perhaps some of those showing only partial resistance, could 
probably be utilised effectively in crop rotation programraes to help control 
the root-knot nenatode. Babatola & Awoderu (I) have also observed resistance 
in some accessions of Amaranthus spp., and Bafokuzara (2) recorded a 
significant control of M. javanica when A. hybridus was used in rotation with 
other susceptible crops. 
Acknowledgements 
Seeds of the species tested were procured through Dr Mohinder Pal, Head of the 
Cytogenetics Laboratory, National Botannical Research Institute, Lucknow, 
India, to whom we are indebted. 
References 
1. BabatoTa, J.O. & Awoderu, J.B. (1986). Tests of Agrochemciala and 
Cultivars No.7 (Annals of Applied Biology 108', Supplement) 140-141. 
2. Bafokuzara, N.D. (1983). Journal of NematoTogy l^ i 559-564. 
3. Taylor, A.L. & Sasser, J.N"! (1978). Biology, identification and control of 
root-knot nematodes (Meloidogyne spp.). Cooperative Publications, 
Department of Plant Pathology, North Carolina State University and USAID, 
Raleigh, NC, USA. Ill pp. 
10. 
Tests of Agrochamicsis ind Cullivars 10 (1989) 
Ann. appl. Biol. I M (Supplement) 
REACTIONS OF AMARANTHUS SPECIES TO THE RENIFORM NEMATODE 
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Introduction 
Amaranthus species are Important as vegetable, ornamental or fodder crops. 
Survey of experimental plots growing Amaranthus at the Botanical Garden, 
Allgarh Muslim University, Allgarh revealed high population densities of the 
renlform nematode, Rotylenchulus reniformis Linford & Ollveira. In untreated 
plots, severe stunting associated with overall reductions in plant growth were 
noted. In view of the importance of this crop we have tested some of the 
common species of Amaranthus against the reniform nematode to evaluate the 
pathogenicity and locate sources of resistance, if any. 
Materials and Methods 
Four seeds of each test species of Amaranthus were sown in clay pots containing 
1 kg autoclaved soil. After the seedlings emerged they were thinned to leave 
one per pot. When 3 wk old, they were inoculated with 1000 freshly isolated 
specimens of R» reniformis (vermiform stages). Uninoculated plants served as 
checks. There were five replicates for each treatment. After 2 months the 
plants were uprooted and the roots washed thoroughly. The resistance category 
of plants was rated on the basis of inature nematode females per plant in the 
roots as: 1 - 10 - Resistant; 11 - 20 - Moderately resistant; 21 - 30 -
Susceptible; more than 30 > highly susceptible. 
Results and Discussion 
The test species of Amaranthus showed different types of reaction to the 
renlform nematode. Amaranthus blltum var. oleracea, A. hypochondriacus, A. 
panlculatus, A. gangetlcus var. lanceolatus, A. tricolor var. splenderes and A. 
gangetlcus var. tristls were found moderately resistant, whereas A. gangetlcus 
var. llvidus, A. caudatus var. alopecurus and A. gangetlcus var. polygamus 
were susceptible. None was found to be either highly resistant or highly 
susceptible (Table 1). 
Table 1. Number of mature females and resistance categories of different 
Amaranthus spp. to Rotylenchulus reniformis 
Amaranthus X Loss in Plant number Resistance 
species plant wt I II III IV V Mean category 
A. blltum 
var. oleracea 11.1 14 11 17 15 13 14.0 MR 
A^ . caudatus 
var. alopecurus 
A^ . hypochondriacus 
i\. panlculatus 
A^ . gangettcus 
var. lanceolatus 
var. llvidus 
var. polygamus 
var. tristis 
A^ . tricolor 
var. splenderes 
CD.(£-0.05) 
(P-O.OI) 
22.4 
7.3 
10.3 
7.8 
27.8 
31.3 
9.4 
8.0 
22 
12 
14 
13 
25 
24 
15 
12 
25 
15 
12 
16 
24 
24 
15 
16 
28 
14 
16 
15 
21 
26 
17 
1 1 
25 
13 
13 
15 
24 
25 
18 
17 
21 
12 
12 
14 
25 
25 
14 
15 
24.2 
13.2 
13.4 
14.6 
23.8 
24.8 
15.8 
14.2 
2.6 
4.5 
S 
MR 
MR 
MR 
S 
c 
MK 
MR 
MR » Moderately r e s i s t a n t ; S » Suscep t ib le 
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We have also tested these varieties against the root-knot nematode, Meloldogyne 
Incognita (1). A^» blitum var. oleracea, A^ . hypochondrlacus, i\. panlculatus 
and A^ . gangetlcus var. lanceolatus v.ere moderately resistant to the root-Wnot 
nematode, similar to their reactions to the renlform nematode (Table 1). A. 
gangetlcus var. tr 1 s11 s and A^ . tricolor var. splenderes were moderately 
resistant to R^ . reniformls (Table 1) but, In contrast, they were highly 
resistant, or resistant, respectively to Jrt. Incognita (1). Moderately 
resistant varieties of Amaranthus may be of use In breeding programmes as well 
as In selecting cropping sequences where the renlform and root-knot nematodes 
are serious problems. 
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REACTION OF SOME CULTIVATED VARIETIES OF EGGPLANT, PEPPER, 
AND OKRA TO THE ROOT-KNOT NEMATODE, 
MELOIDOGYNE INCOGNITA 
BY 
M. MASHKOOR ALAM, ABRAR M. KHAN and S. K. SAXENA 
Department of Botany, Aligarh Muslim University, AUgarh, India 
Varieties of egg plant, pepper and okra were screened against root-knot nematode, 
Meloidogyne incognita under green-house conditions. All the varieties of eggplant and pepper 
proved to be susceptible to a varying degree, however, low root-knot development was observed 
in eggplant varieties giant of Banaras, black beauty and gola ; and pepper variety long red. All the 
varieties of okra were found to be highly susceptible to root-knot nematode. 
Of the several methods of control of nematodes, the use of resistant 
varieties is the best and cheapest means of control. Hare (1956), Birat (1966), 
Chaudhary er a/. (1969), Mathur e/a/. (1971), Jamal (1972), Fassuliotis & Dukes 
(1972) and Fassuliotis (1973) have screened several varieties of eggplant, pepper, 
and okra against root-knot nematode with a view to find sources of resistance. All 
the varieties they tested, proved to be moderately to highly susceptible. In the 
present studies varieties of eggplant, pepper and okra obtained locally and from 
different parts of the country, have been tested against Meloidogyne incognita in 
order to locate sources of resistance which could be utilized by breeders for future 
breeding programme. 
MATERIALS AND METHODS 
Seedlings of diiferent varieties of eggplant, and pepper, raised in 
autoclaved soil, were transplanted in 10 cm clay pots having 500 g autoclaved soil : 
sand : compost mixture (70 : 20 : 10) whereas the seeds of okra were directly 
seeded. These seedlings when three-week old, were inoculated with 1000 freshly 
hatched larvae of M. incognita. There were six plants for each variety arranged 
in a randomised manner on a green-house bench. Uninoculated plants served as 
control. Flant growth and root-knot index were measured after 45 days of 
The research has been financed, in part, by a grant made by the United States Department 
of Agriculture under PL-480. 
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TABLE I 
Reaction of eggplant varieties to root-knot nematode, Meloidogyne incognita 
Varieties 
Pusa purple long 
„ (inoculated) 
Purple cluster 
„ (inoculated) 
Purple long 
„ (inoculated) 
Purple round 
„ (inoculated) 
Egg shaped cluster 
„ (inoculated) 
Giant of Baoaras 
„ (inoculated) 
Long green 
„ (inoculated) 
Long black 
„ (inoculated) 
Round white 
„ (inoculated) 
Black beauty 
„ (inoculated) 
Baromashi 
„ (inoculated) 
Nurki 
„ (inoculated) 
Improved Muktakeshi 
„ (inoculated) 
Gola 
„ (inoculated) 
Av. Length 
(cm) 
18.33 
15.66 
16.33 
14.66 
16.66 
15.33 
16.00 
14.00 
13.33 
13.66 
14.33 
14.66 
12.33 
15.00 
14.00 
14.00 
11.66 
13.33 
17.66 
17.33 
13.33 
11.66 
11.33 
10.33 
13.66 
14.33 
14.66 
16.00 
Shoot 
Av. Weight 
(g) 
3.86 
2.73 
4.20 
2.76 
5.70 
4.86 
6.20 
4.56 
3.50 
2.76 
3.86 
3.33 
2.30 
2.10 
4.00 
2.60 
3.66 
2.73 
4.76 
4.80 
3.26 
2.76 
1.86 
1.90 
2.36 
1.80 
3.93 
3.83 
Av. Length 
(cm) 
12.00 
9.00 
10.33 
7.33 
15.66 
8.66 
14.50 
9.00 
10.66 
10.00 
11.33 
11.33 
14.66 
11.33 
11.66 
12.33 
11.33 
10.66 
10.33 
11.33 
11.33 
9.33 
10.66 
10.33 
10.00 
9.00 
10.66 
10.33 
Root 
Av. Weight 
(g) 
1.96 
1.70 
2.30 
1.36 
3.26 
2.96 
3.80 
1.80 
2.56 
2.40 
2,43 
2.23 
2.46 
2.20 
3.83 
2.90 
3.30 
2.80 
3.03 
2.83 
2.93 
1.96 
2.13 
1.70 
1.83 
1.40 
2.30 
2.06 
L.S.D. (at 5% level) 
L.S.D. (at 1% level) 
Av. RKl 
1.16 
1.33 
1.50 
2.23 
1.50 
0.66 
2.16 
1.83 
1.66 
0.83 
1.83 
1.66 
1.00 
0.83 
0.830 
1.122 
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TABLE 11 
Reaction of pepper varieties to the root-knot nematode, Meloidogyne incognita 
Varieties 
California wonder 
„ (inoculated) 
Elephant's trunk 
„ (inoculated) 
Bull nose 
„ (inoculated) 
Chinese giant 
„ (inoculated) 
Hungarian wax 
„ (inoculated) 
Mammoth prize taker 
„ (inoculated) 
Ruby king 
„ (inoculated) 
World beater 
„ (inoculated) 
New red hot 
,, (inoculated) 
N. P. 46A 
„ (inoculated) 
Siiryamukhi 
„ (inoculated) 
Meerut local 
„ (inoculated) 
Long red 
„ (inoculated) 
Large Red 
„ (inoculated) 
Av. Length 
(cm) 
19.00 
20.00 
22.00 
15.66 
18.33 
17.66 
20.66 
13.33 
17.00 
18.50 
27.03 
25.33 
15,50 
19.50 
18.33 
18.33 
27.00 
24.66 
22.33 
19.33 
23.00 
23.C0 
30.66 
27.00 
13.66 
12.66 
J2.33 
10.33 
Shoot 
Av. Weight 
(g) 
3.50 
2.50 
2.33 
1.66 
3.33 
3.50 
3.50 
2.50 
2.50 
2.00 
6.00 
5.00 
3.50 
4.00 
2.66 
2.33 
5.00 
4.66 
5.00 
3.83 
2.66 
3.00 
5.66 
5.66 
1.96 
1.60 
1.60 
1.13 
Root 
Av. Length Av. Weight 
(cm) (g) 
14.50 
12.00 
14.03 
9.66 
13.66 
11.66 
14.33 
12.33 
9.00 
10.50 
13.33 
1C.66 
12.03 
13.50 
11.66 
10.66 
16.66 
18.00 
11.33 
9.33 
9.33 
8.00 
17.00 
15.50 
13.00 
9.66 
11.66 
9.66 
L.S.D. (at 5% level) 
L.S.D. (at 1% level) 
2.50 
1.66 
1.33 
1.16 
2.50 
2.33 
2.00 
1.33 
1.50 
1.00 
2.50 
1.66 
2.33 
2.00 
1.33 
1.00 
3.00 
3.00 
1.66 
1.33 
2.16 
2.00 
3.50 
3.33 
2.03 
1.70 
1.70 
1.16 
Av. RKI 
2.00 
1.83 
1.66 
2.33 
1.50 
2.16 
1.16 
2.33 
1.00 
2.00 
1.00 
2.00 
0.83 
1.33 
0.628 
0.849 
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TABLE HI 
Reaction ofokra varieties to the root-knot nematode, Meloidogyne incognita 
Varieties 
Shoot 
Av. Linglh Av. Weight 
(cm) (g> 
Root 
Av. Length Av. Weight 
(cm) (g) 
Av. RKI 
Pusa sawani 
„ (inoculated) 
Long green 
,. (inoculated) 
S-dhari 
„ (inoculated) 
7-dhari 
„ (inoculated) 
Woody (local) 
„ (inoculated) 
Red 
„ (inoculated) 
Spini 
„ (inoculated) 
29.03 
29.66 
28.50 
19.50 
31.66 
21.33 
27.33 
22.50 
24.66 
27.50 
23.00 
18.50 
20.33 
14.50 
16.33 
15.33 
17.50 
10.00 
16.00 
11.50 
12.50 
10.00 
12.15 
8.50 
8.50 
6.50 
7.16 
5.25 
27.33 
25.66 
23.00 
17.50 
23.66 
15.33 
24.00 
20.50 
30.33 
28.00 
21.50 
17.50 
15.00 
8.50 
3.25 
2.66 
3.25 
2.00 
3.00 
1.66 
2.16 
1.75 
3.00 
1.75 
1.75 
0.75 
1.50 
0.75 
3.00 
4.00 
3.83 
3.50 
1.75 
4.00 
3.50 
L.S.D. (at 5% level) 
L.S.D. (at 1% level) 
0.548 
0.768 
inoculation. The root-lcnot development was rated on the lines indicated earlier 
(Alam et al., 1974). 
RESULTS AND DISCUSSION 
Results presented in Tables I, II and III show that all the varieties of 
eggplant, pepper, and okra, tested in these studies were susceptible to M. incognita 
to a varying degree. Highest root-knot development was observed in eggplant 
variety purple round; pepper varieties Chinese giant and world beater ; okra varieties 
long green, red, 5-dhari, 7-dhari, spini and pusa sawani as root-knot index varied 
from 2.2.^  to 4.00. Eggplant varieties giant of Banaras (RKI, 0.66), black beauty 
(0.83) and gola (0.83), and pepper variety long red (0.83) were tolerant. None of 
the varieties of okra were found to be tolerant to the root-knot, however, the root-
knot development on okra variety woody (local) was relatively low (1.75). The 
results are significant statistically. 
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These results are in accordance with those of Birat (1966) who also found 
eggplant varieties black beauty and muktakeshi as highly to fairly resistant to 
root-knot, however, these diifer with the findings of Mathur er a/. (1971). Hare 
(1956) also reported pepper variety early California wonder as susceptible to 
M. incognita. 
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Reaction of certain cultivars of tomato to root-knot nematode, 
Meloidogyne incognita 
ABRAR M . KHAN, S. K. SAXENA, M. MASHKOOR ALAM AND Z. A. SIDDIQI 
Section of Plant Pathology and Nematology, Department of Botany, 
Aligarh Muslim University, Aligarh (India) 
The use of resistant varieties stands out as one of the ideal methods of 
nematode control. By and large most of the cultivated tomato varieties are reported 
to be susceptible to root-knot nematodes, however, some degree of resistance is ex-
hibited by wild tomato species viz., Lycopersicon peruvianum and L. pimpinellifollium 
(Bailey ,^ Ellis*, McFarlane et d.\ Khan et al.*). Winstead and Barhsan}" and Thoma-
son and Smith* have developed some tomato lines which are reported to be resistant 
to certain root-knot nematodes. In India also, considerable amount of work has been 
done in this direction. Khan et al.* screened a large number of cultivated varieties but 
found none as resistant. However, certain cultivars are reported to be resistant against 
one species of root-knot or other (Prasad and Das Gupta*, Choudhury et al.*, Singh 
and ChoudhvuT*, Sikora et aW). In the present report, an attempt has been made to 
test certain popular cultivars of tomato along with two varieties, reported as resistant 
to root-knot nematode in the U.S.A., against the Aligarh population of tomato isolate 
of Meloidogyne incognita. 
Three week old seedlings of different varieties of tomato, raised in autoclaved 
soil, were transplanted into 10 cm claypots having 500 g autoclaved soil : sand : com-
post mixture (70 :20 : 10). After 24 hours of transplantation, seedlings were 
inoculated with 1000 freshly hatched larvae of M. incognita. Six plants of each variety 
were arranged in a randomised manner on a greenhouse bench. Uninoculated plants 
served as control. Plant growth and root-knot indices were recorded after 45 days of 
inoculation. System of rating used was as follows : 
0=no infestation, l=light infestation, 2= moderate infestation, 3=heavy 
infestation and 4=severe infestation. 
Results showed that all the tomato varieties tested were susceptible to root-
knot nematode, M. incognita to a varying degree. Highest root-knot development 
took place in varieties Sutton's golden queen, Oxheart and Mikado as the root-knot 
indices (RKI) were 3.83, 3.50 and 3.33, respectively. Comparatively a moderate re-
action was observed in varieties Grothen's globe, Trope-GRO, La Bonita (RKI, 2.66); 
67-B-1169, Marglobc (RKI, 2.33); BCVI, Monarch, Selection-120, Roma (RKI, 2.16); 
and Prichard (RKI, 2.00). Low infestation with root-knot indices ranging between 
1.00 to 1.83 were noticed in varieties Redcherry, Ponderosa and Chicogrande. On the 
other hand, Anahu and Nemared showed high degree of resistance as root-knot indices 
recorded were 0.03 and 0.16, respectively. On these two varieties very small galls were 
produced and there were no eggmasses. In the galled tissues of these two varieties 
no mature stage of the nematode was found. 
In all the varieties which were highly or moderately susceptible, there was a 
loss in the weight of plants when inoculated with root-knot nematode. It was signi-
ficant statistically in some and not in others. The roots of inoculated plants of Anahu 
and Nemared weighed more than uninoculated ones, howeveTj.the xliffefBnee& were 
not significant. ' - ' i . - - t a« . 
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Varietal Response of Tomatoes to the Root-knot Nematode, 
Meloidogyne incognita 
M. MASHKOOR ALAM, ABRAR M. KHAN and S. K. SAXENA, Department of 
Botany, Aligarh Muslim University, Aligarh-202 002, India. 
Tolerant and resistant varieties of cultivated plants have been used for managing 
the populations ofplant parasitic nematodes (1). In this respect, several varieties of tomato 
have been screened with a view to locate sources of resistance against root-knot nematode 
(2-6). Very few varieties have shown tolerance to the nematode. Hence, there is a con-
stant need for testing the new cultivars. In the present communication, the relative sus-
ceptibility of some varieties of tomato {Lycopersicon lycopersicum (L.) Karsten.) to the root-
knot nematode, Meloidogyne incognita (Kofoid & White) Chitwood is reported. 
Seedlings of 24 different varieties of tomato were raised in autoclaved soil and when 
three-week old, were transplanted singly to 10 cm clay pots containing 500 g autoclaved 
soil-sand-compost (7:2:1) mixture. Each seedling was inoculated with 1000 freshly 
hatched 2-nd stage juveniles of M. incognita. There were six plants for each variety. The 
pots were arranged in a randomised manner on a green house bench. Uninoculated 
plants served as control. Plant growth and root-knot indices were recorded after 45 days 
of inoculation. Root-knot index was rated on 0-4 scale. 
Results presented in Table 1 show that almost all the test varieties were susceptible 
to the root-kaot nematode, however, to varying extent. There was no visual gall 
formation on the variety Sl-120 which confirms the findings of Patel et al. (3), whereas 
the galls formed on Sl-12 and NMR-1 were few (RKI=0.33). Thus variety Sl-120 can 
be rated as resistant and Sl-12 and NMR-1 as tolerant to the nematode. In the remaining 
varieties the root-knot index ranged between 1.00-3.83. Varieties N-Jagjeet, Kalyanyplu 
Sel. 1, HS-101, Keckruth, Punjab Cchuhara and Kalyanpur-Scl. 3 proved highr-
susceptible. 
Table 1. Reactfam of tomato varietlca to the rootJmot nematode, Mtleidogptt incegnita. 
Varieties 
Ananji 
Angurlata 
Burpee's Heinz 
Gemed 
HS-101 
HS-102 
Average green weight (g) 
Unwcculated 
Shoot 
25.26 
33.10 
19.23 
36.65 
33.70 
36.10 
Root 
5.06 
9.56 
6.63 
7.30 
9.56 
8.46 
Total 
30.32 
42.66 
25.86 
43.95 
43.26 
44.56 
Shoot 
20.33 
23.23 
18.33 
22.46 
30.00 
21.10 
Inoculated 
Root 
8.60 
0.06 
5.93 
5.46 
10.33 
7.80 
Total 
28.93 
31.29 
24.26 
27.92 
40.33 
28.90 
RCNit-
knot 
index 
i.oa 
1.66 
1.33 
1.33 
3.50 
l.SO 
Aooepted £or Publication October 21, 1986. 
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Table l—(Cimtd.). 
Varieties 
Kalyanpur—Sel. 1 
Kalyanpur—Sel. 2 
Kalyanpur—Sel. 3 
Kalyanpur-Sel. 4 
Keckruth 
Maiglobe supreme 
NMR-1 
N-Jagjeet 
N-Tropic 
N-Knkcy 
Punjab Gchuhara 
Pusa Early dwarf 
PusaRuby 
Shalimar-l 
Sioux 
S1.-12 
S1.-120 
Triumph 
CD. (P=0.05) 
OD. (P-0.01) 
1 
Shoot 
29.70 
33.03 
39.10 
24.56 
35.16 
18.10 
31.83 
21.66 
21.23 
25.70 
42.50 
47.03 
43.76 
28.23 
19.10 
28.56 
37.19 
37.46 
Agverage green weight (g) 
Un-inoculated 
Root 
7.13 
8.13 
8.86 
9.33 
17.60 
5.70 
9.53 
4.70 
8.50 
6.10 
12.50 
27.10 
13.66 
16.76 
6.10 
15.23 
8.83 
8.76 
Total 
36.83 
41.16 
47.96 
33.89 
52.76 
23.80 
41.36 
26.36 
29.73 
31.80 
55.00 
74.13 
57.42 
44.99 
25.20 
43.79 
46.02 
46.22 
Shoot 
21.70 
32.83 
35.50 
22.83 
31.16 
17.46 
30.26 
10.33 
17.76 
15.26 
34.80 
46.00 
24.53 
27.00 
14.86 
30.93 
38.33 
30.73 
Inoculated 
Root 
5.20 
4.90 
4.53 
6.66 
14.66 
4.70 
10.46 
2.63 
6.43 
5.26 
13.30 
24.23 
15.20 
13.13 
5.66 
12.89 
9.66 
11.23 
Total 
26.90 
37.73 
40.03 
29.49 
45.82 
22.16 
40.72 
12.96 
24.19 
20.52 
48.13 
70.23 
39.73 
40.13 
20.52 
43.82 
47.99 
41.96 
Root-
knot 
index 
3.75 
2.00 
3.00 
2.33 
3.16 
2.16 
0.33 
3.83 
2.16 
1.33 
3.16 
2.66 
2.00 
2.33 
1.66 
0.33 
0 
2.16 
0.221 
0.396 
£ a ^ value ii an average of 6 replicates. 
In susceptible varieties, there was a significant reduction in the growth of inoculated 
plants. 
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Reaction of Certain Varieties of Wheat to the Seed Gall Nema-
tode, Anguina tritici 
M. MASHKOOR ALAM, Department of Botany, Aligarh Muslim University, Aligarh-
202 001, India. 
Economics, availability and regulations portend reduced future reliance on 
chemical control of nematode-incited plant diseases (1). Obviously, then, greater em-
phasis will be placed on alternative methods of control. In this respect, development and 
use of disease resistant varieties is gaining more importance. During the present study, 
79 varieties of wheat have been tested against the seed gall nematode, Anguina tritici 
(Steinbuch, 1799) Ghitwood, 1935 causing ear-cockle disease, to locate source of resis-
tance, if any. 
Five healthy seeds along with diseased seed galls were sown at equal distances 
in clay pots filled with autoclaved soil-manure mixture. There were three replicates for 
each variety. Plants were harvested after 110 days of sowing. Seeds were careiiilly 
sepftrated from the ears. The number of healthy seeds and diseased seed galls were 
counted and the per cent infection was calculated. 
Seven varieties like HD-1739, HD-2021, HP-4530, Karchia-65, Moti, NI-
747-9 and NP-888 showed highly resistant reaction as no diseased seed gall was produ-
ced. Less than 1% infection was observed in WG-357/WL-411 (0.58%), Nadadores-
63(0.73), Ghenab-70(0.80), HD-1999 (0.80) and Kiran (0.81). On the other hand, 
var. HD-2009 was most susceptible with 100% infection. The remaining varieites gave 
intermediate reactions, J-l-7(1.0 per cent), Raj-821 (1.16), HI-7483(1.52), EK-69(1.55), 
WL-1002 (1.71), NP-830(1.72), Kalyan sona (1.75), Agra local (2.27), UP-328(2.29), 
K-802(2.75), NP-839(3.21), HY-65(4.05), Norteno-67(4.05), HP-916(4.62), A-206(5.03), 
NP-404(5.26), MACS-6(5.47), LSW-36(5.93), WL-212(6.67), HD-4513 (6.82), Bijaga 
yeUow (7.32), UP-301(7.83), D-491(8.33), HD-1962(9.95), HD-4502(10.38), NI-5439 
(10.69), Lerma-52(10.77), Ridley (11.84), MAGS-9(12.17), NP-200/KhapU (12.20), 
HD.1799B (14.82), WG-377(15.39), Barani-70(18.01), NP-818(18.56), HD-1944( 19.05), 
WL-208(19.27), Penjamo-62(19.95), NP-582(20.55), WL-334(20.85), WL-202(22.50), 
WL-303(22.61), Mexipak-69(22.77), HD-2016(23.08), G-306(23.78), UP-310(24.21), 
S-308/SonaUka (24.47), HD-4519(25.33), G-273(25.96), S-331/Choti lerma (26.21), J-1 
(26.24), Hira (26.56), HS-1097-17(31.87), Raj-911(34.56), HD-1925(43.84), G-286 
(46.88), Pusa lerma (48.50), NP-884 (51.52), Kanpad-25(54.43), HD-1982 (57.02), 
HD-1917 (60.24), Kushal-69(62.12), K-69(65.66), HY-633(66.66), HD-2012(70.20), 
UP-319(76.99), Max-102(88.29). 
In a similar study (2) some varieties viz.. Hussar, K-58, NP-718 and NP-798 
have been noted as poor hosts of the nematode. Var. Lerma Rojo, NP-908, S-227 
and Sonora-63 have also shown certain degree of tolerance to the disease (3). 
Accepted for publication February 12,1984. 
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CONTROL OF PLANT-PARASITIC NEMATODES BY MANAGEMENT 
PRACTICES : CROP ROTATION 
M. MASHKOOR ALAM, ABRAR M . KHAN AND S . K . SAXKNA, Section of Plant 
Pathology and Nematology, Department of Botany, Aligarh Muslim University, Aligarh 
ABSTRACT 
Growing susceptible hosts consecutively increase the population of nematodes 
to noxious levels. AitlMogyne iiucgnita did not increase on okra following poor 
hosts for 2-3 cropping seasons. Tagetes is a poor crop for Ttichodorus tmrzai 
following wheat but not following spinach. Fallow reduced the population of 
all the nematodes but was not e£ctive for Hoplolmtmu indicus probably because 
it multiplied on graminaceous weeds. However, no single cropping sequence 
was found to be effective against all the nematode species. 
INTRODUCTION 
Of the various land management practices, rotation of crops offers the most 
successful method of control of plant-parasitic nematodes. In India, recently 
Chawla and Prasad (1973), Khan et al. (1973), Khan et al. (1976) and Saxena 
et al. (in Press) have reported that certain cropping sequences reduce the numbers 
of plant-parasitic nematodes to considerably low numbers. Most of these studies 
deal with the effect of crop rotation involving short terra rotations for 2-5 cropping 
seasons, on the population of nematodes. No attempt has so far been made to 
study the effect of cropping sequences involving long-term rotations on nematode 
populations. In the present studies an attempt has been made to determine the 
effect of long-term cropping sequences involving 10 cropping seasons, which have 
not yet been tested on the population of nematodes. 
MATERIALS AND METHODS 
There were six cropping sequences each replicated thrice in a randomised 
complete block design. Each cropping sequence consisted of growing a crop from 
October 1970 to April 1971, followed by a crop from April 1971-October 1971, 
October 1971-April 1972, April 1972-October 1972, October 1972-April 1973, 
April 1973-October 1973, October 1973-ApriI 1974, April 1974-October 1974, 
October 1974-April 1975, April 1975-October 1975. The details are given in 
Table I. 
Crops were grown in beds measuring lOx l^ S metres previously manured at 100 
lbs N per acre and 50 lbs each of P and K per acre. Other cultivation treatments 
such as watering, weeding etc. were done when deemed necessary. Soil samples for 
determining the nematode populations were taken before plantation and after the 
harvest of the crop. Each sample consisted of 20 cores (20 X 20 cm) randomly 
collected from each plot, was mixed thoroughly and a 200 g soil was processed by 
using Oostenbrinfc's elutriator along with modified Baerman funnels for isolation 
of nematodes. The number of nematodes was counted and the population was 
determined (Southey, 1970). 
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TABLE I 
Cropping sequences tested for the control of phyto-parasitic 
nematode populations 
S,N. Season 
II 
Cropping sequences 
III IV V VI 
1. 
2. 
3. 
4 . 
5. 
6. 
7. 
8. 
9. 
10. 
Oct. 70-Apr. 
Apr. 7l-Oct . 
Oct. 71 -Apr. 
Apr. 72-Oct. 
Oct. 72-Apr, 
Apr. 73-Oct. 
Oct. 73-Apr, 
Apr, 74- Oct. 
Oct. 74-Apr. 
Apr. 75-Oct. 
71 Wheat Wheat Wheat 
71 Corn Okra Sanhemp 
72 Spinach Spinach Spinach 
72 Zinnia Egg plant Tagetes 
73 Cabbage Cabbage Cabbage 
73 Tagetes Okra 
74 Wheat Wheat 
74 Kochia Okra 
75 Wheat Wheat 
75 Okra Okra 
Wheat Wheat Wheat 
Fallow Tagetes Green Gram 
Spinach Spinach Spinach 
Kulfa Fallow Castor 
Cabbage Cabbage Cabbage 
Cotton Fallow Egg plant Cluster bean 
Wheat Wheat Wheat Wheat 
Green Gram Zinnia Egg plant Cluster bean 
Wheat Wheat Wheat Wheat 
Okra Okra Okra Okra 
RKSULTS 
The population of prevailing phyto-nematodes before starting the experiment 
was moderate with 60 nematodes (per 200 g soil) of HuploLaimus indicus, 20 of 
Rotylenchutus ieniformiSf2d^ oi TyUnchorkynchus brassicae, 80 of Tylenchusjilifotmis, 100 
larvae oi Meloidogyne incognita and 40 of Tnchodoius mirzai. 
It is evident from Table II that corn, zinnia and tagetes in sequence I ; okr^ 
and cabbage in sequence II ; sanhemp and cotton in sequence III ; kulfa (Portulaca 
in sequence IV ; fallow with weeds, egg plant and wheat in sequence V and green 
gram, castor, cluster bean and wheat in Vi cropping sequence increased the popula-
tion ol H. indicus substantially. Spinach, kochia, wheat and zinnia reduced the 
population to undetectable numbers. 
R. rmiformis, initially present in low numbers, increased around zinnia, 
tagetes, egg plant, okra, wheat, cotton, green gram, castor and cluster bean in 
ditferent cropping sequences tested. 
T- brassicae, a polyphagus nematode, iocreased rapidly around almost all the 
crops tested except spinach, tagetes, kochia and wheat in different cropping 
sequence. 
There was not much effect on the numbers of T. filiformis in all the six crop-
ping sequences as the population increase was not substantial and ranged between 
60-180 per 200 g soil in different cropping sequences. Okra, egg plant, wheat and 
spinach reduced the numbers to almost undetectable numbers. 
The population of root-knot larvae (Af. incognita) substantially increased in 
I I , I I I and V cropping sequences where okra, sanhemp and egg plant respectively 
were grown. In cropping sequence I involving cabbage/tagetes/wheat/kochia the 
population of larvae reached to such insignificant level that even growing okra 
following the above sequence, did not bring about increase in numbers of larvae of 
root-knot nematode. Spmach, wheat, tagetes, cabbage, cotton, green gram, fallows. 
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TABLE II 
Effect of different cropping sequences on the population of parasitic nematodes 
Nematode population per 200 g soil 
S.N. Ciops Duration 
Hop Rot Tylen Tyl Mel Tri Total Sap 
I Initial Population 60 20 260 80 100 40 560 1600 
Wheat(KaIyanSona)Oct. 70-Apr. 71 40 - 720 40 20 20 840 1040 
Corn (Ganga-5) Apr. 71 Oct. 71 240 - 1600 120 20 80 2060 1040 
Spinach (Banarsi) Oct. 71-Apr. 72 - - 140 40 - - 180 3000 
Zinnia (Brightness) Apr. 72-Oct. 72 140 280 200 100 20 60 800 780 
Cabbage (Pride of Oct 72-Apr. 73 40 - 180 60 - 40 320 1480 
India) 
Tagetes (Local) Apr 73-Oct 73 120 140 20 10 - 20 310 720 
Wheat (Hira) Oct. 73-Apr. 74 60 - 280 100 ^ 8 0 520 1640 
Kochia (Local) Apr. 74-Oct. 74 - 60 160 80 - - 300 760 
. Wheat (Hira) Oct. 74-Apr. 75 - - 40 80 - 20 140 600 
Okra (Pusa Sawani) Apr. 75-Oct. 75 80 - 200 - - 40 320 200 
II Initial Population 60 20 260 80 100 40 560 1600 
Wheat (Kalyan Sona)Oct. 70-Apr. 71 40 - 720 40 20 kO 840 1040 
Okra (Pusa Sawani) Apr. 71-Oct. 71 140 - 360 20 - 40 560 900 
Spinach (Banarsij Oct. 7I-Apr. 72 20 20 40 60 20 20 180 27-10 
Eggplant (Pusa Apr. 72-Oct. 72 80 240 180 - 120 - 620 1220 
Purple Long) 
Cabbage (Pride of Oct. 72-Apr. 73 140 - 260 100 140 40 680 760 
India) 
Okra (Pusa Sawani) Apr. 73-Oct. 73 320 220 100 40 200 - 880 800 
Wheat (Hira) Oct. 73-Apr. 74 100 80 360 120 60 - 720 1000 
Okra (Pusa Sawani) Apr. 74-Oct. 74 40 80 100 20 40 100 380 560 
Wheat (Hira) Oct. 74-Apr. 75 60 - 360 - - 1 2 0 540 660 
Okra (Pusa Sawani) Apr, 75-Oct. 75 20 40 40 40 - - 140 160 
III Initial Population 60 20 260 81 100 40 560 1600 
Wheat (Kalyan Sona)Oct. 70-Apr. 71 40 - 270 40 20 20 840 1040 
Sanhemp (Punjab Apr. 71-Oct. 71 460 - 1260 80 100 60 1960 2260 
Special) 
Spinach (Banarsi) Oct. 71-Apr. 72 - - 90 - - - 90 300 
Tagetes (Local) Apr. 72-Oct. 72 40 100 120 40 - - 300 820 
Cabbage (Pride of Oct. 72-Apr. 73 40 - 140 60 - 100 340 800 
India) 
Cotton (Local) Apr. 73-Oct. 73 380 900 120 60 - 2 W 1700 1080 
Wheat (Hira) Oct. 73-Apr. 74 60 2> 340 60 - - 480 1320 
Green Gram (Local) Apr. 74-Oct. 74 83 200 380 80 - - 740 520 
Wheat (Hira) Oct. 74-Apr. 75 40 - 60 80 - 80 260 560 
Okra (Pusa Sawani) Apr. 75-Oct. 75 - - 2 0 - 4 0 20 80 600 
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S.N. Crops Duration 
Nematode population per 200 g soil 
Hop Rot Tylen Tyl Mel Tri Total Sap 
IV Initial Population 
Wheat (Kalyan Sona)Oct. 70-Apr. 71 
Fallow Apr. 71-Oct. 71 
Spinach (Banarsi) Oct. 71-Apr. 72 
Kulfa (Loc^; Apr. 72'-Oct 72 
CaJ»bagfv(Prid«of Oct. 72-Apr. 73 
India) 
Fallow, Apr. 73-Oct. 73 
Wheat (Hira) Oct. 73-Apr. 74 
Zinnia (Brightness) Apr. 74-Oct. 7 + 
Wheat (Hira) Oct. 74-Apr. 75 
Okra (Pusa Sawani) Apr. 75-Oct. 75 
V Initial Population 
Wheat (Kalyan Sona)Oct. 70-Apr. 71 
Tagetiss (Local) Apr. 71-Oct. 71 
Spinach (Banarsi) Oct. 71-Apr. 72 
Fallow Apr. 72-Oct. 72 
Cabbage (Pride of Oct. 72-Apr. 73 
India) 
Kgg plant (Pusa Apr 73-Oct. 73 
Puiple Long) 
Wheat (Hira) Oct. 73-Apr. 74 
Egg plant (Pusa Apr. 74-Oct. 74 
Purple Long) 
Wheat (Hira) Oct. 74-Apr. 75 
Okra (Pusa Sawani) Apr. 75 Oct. 75 
VI Initial Population 
Wheat (Kalyan Sona)Oct. 70-Apr. 71 
Green Gram (Local) Apr. 71-Oct. 71 
Spinach (Banarsi) Oct. 71-Apr. 72 
Castor (Local) Apr. 72-Oct. 72 
Cabbage (Pride of Oct. 72-Apr. 73 
India) 
Cluster bean (Big Apr. 7 5-Oct. 73 
Podded) 
60 
40 
60 
20 
780 
80 
80 
60 
-
40 
— 
60 
40 
60 
20 
240 
40 
160 
120 
40 
-
40 
60 
40 
200 
80 
260 
40 
103 
Whfat (Hira) Oct. 73- Apr. 74 200 
Cluster bean (Local) Apr. 74-Oct. 74 
Wheat (Hira) Oct. 74-Apr. 75 
Okra (Pusa Sawani) Apr. 75-Oct. 75 
-
40 
160 
20 
-
-
-
-
-
80 
-
60 
-
— 
20 
-
-
-
20 
2d 
40 
20 
-
20 
-
20 
-
60 
-
640 
60 
220 
200 
80 
40 
80 
260 
720 
140 
20 
320 
400 
140 
100 
200 
340 
20 
260 
270 
80 
20 
200 
80 
160 
540 
100 
160 
2J 
260 
720 
420 
-
200 
300 
140 
460 
120 
200 
200 
80 
40 
20 
20 
60 
180 
60 
20 
140 
20 
— 
80 
40 
20 
2J 
20 
180 
80 
20 
120 
40 
— 
80 
40 
40 
40 
40 
80 
120 
80 
40 
60 
40 
100 
20 
-
-
-
60 
-
-
-
-
-
100 
20 
-
-
-
60 
500 
40 
40 
-
60 
100 
20 
-
-
60 
60 
60 
-
-
20 
-
40 
20 
20 
20 
60 
60 
-
-
-
40 
20 
40 
20 
140 
60 
-
-
40 
20 
-
-
80 
40 
20 
60 
20 
100 
20 
20 
20 
— 
-
-
560 
840 
240 
80 
1220 
1600 
1040 
260 
1680 
640 
780 2440 
360 
180 
400 
440 
40 
560 
840 
300 
120 
480 
380 
980 
760 
300 
220 
200 
560 
840 
780 
140 
1300 
560 
660 
960 
240 
360 
480 
440 
420 
200 
880 
280 
1600 
1040 
500 
1700 
1740 
1420 
880 
600 
360 
840 
160 
1600 
1040 
780 
1100 
1620 
1360 
I5t0 
920 
840 
760 
760 
In parenthesis are given ihe names of varieties. Hop^ Hoplolaimus indicus, Kot = Rotylenthulus 
ttmS. T\M#»n :^ 'Ivl^n/'hnrhvtnf'hlit nffltti^ftJf T v l - Tvl^rh^htie ftlifntr^tnir \ / 1 A I — JA flOtAoP tilt XflCOPfllt" 
if saprozoic forms. 
Jn parentnesis are given me na es ot varieties. ilop=i oplolai us tnduus, 
remfmmii, Tylen = TyUnchorhynchus brassicae, Tyl -Tylenehut fitifor mis, Mel = Meloidogyne incognita 
larvae, TT'i = TricliodoTUS miizai. Total = Total of parasitic forms, Sap = Total or 
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kulfa (Porlulaca) and zinriia brought dowp the populat ion to almost undetectable 
numbers . 
Appreciable increase in the populat ion of T. mirzai was not observed in any of 
the cropping sequences, barr ing some increase around cotton, tagetes and castor. 
Spinach, okra, wheat, zinnia, fallow, cabbage, egg p lant and cluster bean proved to 
be non-hosts. Tagetes following wheat supported the mult ipl icat ion of this 
nematode species. 
DISCUSSION 
T h e results presented herein, confirm some earlier findings of the authors that 
growing suitable hosts consecutively increases the populat ion of nematodes to 
noxious levels. In addit ion, these results indicate tha t no single sequence 
will reduce all the parasit ic nematodes under various crops. I t U interesting to 
note that a highly susceptible crop did not bring about increase in numbers of 
nematodes if followed by non-host crops for 2 -3 consecutive cropping seasons. 
M. incognita did not increase on okra following poor hosts for 2 -3 cropping seasons. 
Similarly, tagetes is a poor crop for T. mirzai following wheat but not following 
spinach. Fallow reduced the populat ion of all the nematodes but was not effective 
for f/. jWictw probably because it multiplied on deep seated roots of some of the 
graminaceous weeds. 
These data do not relate nematode population to crop performance. 
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INFLUENCE OF DIFFERENT CROPPING SEQUENCES ON SOIL 
POPULATIONS OF PLANT PARASITIC NEMATODES 
by 
M. M. ALAM, S. K. SAXENA and A. M. KHAN 
Crop rotation measures for controlling phytoparasitic nem-
atodes aim to keep the population density of a certain species at low 
levels incapable of inflicting damage. This is achieved by growing 
non-susceptible crops in between the periods of growing susceptible 
crops. Thus, there is always a need to search for plants that could 
be used in rotation programmes and that are acceptable to growers. 
Chawla and Prasad (1973) and Khan et al. (1973) have shown that 
monoculture of some crops resulted in the build up of nematode 
populations, but proper crop rotation practices reduced the popu-
lations to safe levels. In all these studies the crop rotation trials 
were based on a 3-year rotation programme. Moreover, the crops 
included were mostly vegetables. In the present study the objective 
was to determine the effect of different cropping sequences, incorpo-
rating some non-vegetable crops spread over 5 years, on densities 
of plant nematode species naturally occurring in the Aligarh soils. 
Materials and methods 
Experimental plots, naturally infested with Hoplolaimus indicus 
Sher, Rotylenchulus reniformis Linford et Oliveira, Tylenchorhynchus 
bassicae Siddiqi, Tylenchus filiformis Butschli, Meloidogyne incognita 
(Kofoid et White) Chitwood and Trichodorus mirzai Siddiqi, were 
established in October 1970. The various cropping systems included 
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bengal gram {Cicer arietinum L.) cv. RS-6, broadbean (Vicia faba L.) 
cv. Local, brownhemp (Hibiscus cannabinus L.) cv. Punjab Special, 
clusterbean {Cyamopsis tetragonaloba Taub.) cv. Big-podded, castor 
{Ricinus communis L.) cv. Local, corn {Zea mays L.) cv. Ganga-5, 
cotton (Gossypium sp. L.) cv. Local, eggplant {Solammi melongena 
L.) cv. Pusa Purple Long, green gram (Phaseolus aureus Roxb.) cv. 
Local, kochia (Kochia scoparia Schrad.) cv. Local, kulfa {Portulaca 
oleracea L.) cv. Local, marigold (Tagetes erecta L.) cv. Cracker Jack, 
okra {Abelmoschus esculentus Moench.) cv. Pusa Sawani, tomato 
{Lycopersicon esciilentum Mill.) cv. Marglobe and zinnia (Zinnia elegans 
Jacq.) cv. Brightness in different rotation patterns, up to October 1975 
(Table I). Each experimental plot measured 10x1.5 metre. Ferti-
lizers at the rate of 100 lbs of N per acre were given in two equal 
doses, and 50 lbs each of P and K per acre in one single dose. Soil 
samples (20 cores - 2.0x20 cm) for nematode assays were collected 
and mixed thoroughly and a 200 g soil sub-sample was processed 
using Oostenbrink's elutriator and Baermann funnels (Southey, 1970). 
Results 
Results presented in table I show that the populations of M. 
incognita were increased in all the fields during the period October 
'70 to April 71 with tomato as the first (base) crop in all the cropping 
sequences. Corn, green gram, marigold and fallow considerably de-
creased the numbers of larvae. Growing tomato or eggplant fol-
lowing any of these crops did not greatly increase root-knot popu-
lations and broadbean and kochia suppressed populations. The num-
bers of larvae of root-knot were greatly increased when okra and 
brownhemp followed tomato. Of all the crops used in six different 
cropping sequences, brownhemp proved to be a very ' good host ' 
for M. incognita as the multiplication rate was very high (R = 6). 
The population of R. reniformis was low at the start of the 
experiment (20 nematodes/200 g soil). Growing tomato-corn-tomato 
in sequence I; tomato-okra-zinnia-tomato in sequence II; tomato-
brownhemp-tomato in sequence III; tomato-fallow-tomato, in se-
quence IV; tomato-marigold-tomato-fallow in sequence V did not 
increase numbers up to October 72. Thereafter, the populations 
increased to some extent in all the sequences where tomato, eggplant, 
marigold, green gram, castor, cotton and bengal gram were grown. 
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Table I - Effect of different cropping sequences on the population of plant 
parasitic nematodes. 
S.N. Crops 
I Initial popid 
T o m a t o 
Corn 
T o m a t o 
Zinnia 
T o m a t o 
Mar igold 
Broadbean 
Koch ia 
Bengal g r a m 
O k r a 
I I Initial popul 
T o m a t o 
O k r a 
T o m a t o 
Eggp lan t 
T o m a t o 
Okra 
B r o a d b e a n 
Okra 
Bengal g r a m 
Okra 
I I I Initial popul 
T o m a t o 
B r o w n h e m p 
T o m a t o 
Mar igo ld 
T o m a t o 
Cot ton 
B r o a d b e a n 
Green g r a m 
Bengal g r a m 
O k r a 
Duration 
ation 
Oct '70-Apr 
Apr '71-Oct 
Oct 71-Apr 
Apr '72-Oct 
Oct 72-Apr 
Apr '73-Oct 
Oct 73-Apr 
Apr 74-Oct 
Oct 74-Apr 
Apr 75-Oct 
ation 
Oct 70-Apr 
Apr 71-Oct 
Oct 71-Apr 
Apr 72-Oct 
Oct 72-Apr 
Apr 73-Oct 
Oct 73-Apr 
Apr 74-Oct 
Oct 74-Apr 
Apr 75-Oct 
ation 
Oct 70-Apr 
Apr 71-Oct 
Oct 71-Apr 
Apr 72-Oct 
Oct 72-Apr 
Apr 73-Oct 
Oct 73-Apr 
Apr 74-Oct 
Oct 74-Apr 
Apr 75-Oct 
7 1 
71 
72 
72 
7 3 
7 3 
74 
74 
7 5 
75 
71 
71 
72 
72 
7 3 
7 3 
74 
74 
7 5 
7 5 
71 
7 1 
72 
72 
7 3 
7 3 
74 
74 
7 5 
7 5 
Hop 
(JO 
10 
•20 
80 
540 
I •20 
•SO 
20 
120 
40 
120 
60 
10 
40 
— 
;iOO 
140 
240 
40 
20 
80 
80 
60 
10 
40 
20 
40 
— 
160 
80 
40 
— 
80 
Popu 
Rot 
20 
— 
— 
— 
20 
100 
80 
100 
— 
40 
— 
20 
— 
— 
— 
120 
20 
320 
140 
40 
— 
— 
20 
— 
— 
— 
200 
40 
260 
180 
220 
100 
— 
ation 0 
^'[J 
260 
40 
940 
30 
220 
60 
80 
120 
100 
500 
160 
260 
40 
160 
240 
260 
180 
220 
260 
100 
720 
40 
260 
40 
120 
120 
60 
160 
280 
80 
160 
340 
80 
f nenia 
Tyl 
80 
20 
100 
— 
100 
60 
20 
160 
20 
20 
— 
80 
20 
80 
40 
100 
160 
100 
60 
100 
— 
— 
80 
20 
60 
— 
— • 
80 
180 
100 
120 
20 
— 
odfs p 
Mel 
100 
180 
100 
-
40 
100 
20 
— 
— 
60 
— 
100 
180 
200 
260 
520 
520 
(i80 
20 
— 
— 
40 
100 
180 
1080 
100 
6'0 
80 
120 
— 
— 
40 
— 
•r 200 
Tri 
40 
20 
60 
-
100 
60 
•20 
20 
— 
-
— 
40 
20 
80 
-
60 
1'20 
20 
— 
— 
40 
80 
40 
20 
40 
20 
20 
20 
60 
— 
20 
— 
— 
K soil 
Total 
560 
270 
1'2^ 20 
60 
1020 
500 
280 
4^ 20 
240 
(;60 
280 
560 
270 
560 
540 
1360 
1140 
1580 
520 
260 
840 
240 
560 
270 
1340 
260 
380 
380 
1060 
440 
560 
500 
160 
Sap 
1600 
920 
880 
5800 
1600 
13-20 
800 
2600 
680 
500 
400 
1600 
920 
940 
1960 
1940 
1760 
740 
noo 
560 
520 
400 
1600 
920 
1260 
1680 
1340 
1500 
760 
400 
760 
640 
240 
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(Co)itd. table 1} 
S.N. Crops 
IV Initial popii 
Tomato 
Fallow 
Tomato 
Kulfa 
Tomato 
Fallow 
Broadbean 
Zinnia 
Benga\ gram 
Okra 
V Initial popii 
Tomato 
Marigold 
Tomato 
Fallow 
Tomato 
Eggplant 
Broadbean 
Eggplant 
Bengal gram 
Okra 
VI Initial poptil 
Tomato 
Green gram 
Tomato 
Castor 
Tomato 
Clusterbean 
Broadbean 
Clusterbean 
Bengal gram 
Okra 
Duration 
lalion 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct '74-Apr 75 
Apr 75-Oct 75 
ation 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
ation 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72 -Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
Hop 
GO 
10 
80 
140 
360 
•20 
180 
80 
20 
40 
280 
HO 
10 
80 
— 
220 
140 
260 
40 
140 
40 
40 
60 
10 
60 
20 
300 
160 
160 
420 
80 
60 
80 
Popu 
Rot 
20 
--
— 
— 
20 
20 
— 
— 
60 
— 
— 
20 
— 
— 
— 
— 
60 
80 
20 
80 
-
— 
20 
— 
160 
— 
140 
60 
60 
60 
— 
60 
" 
ation 
Trti 
260 
40 
80 
40 
680 
160 
— 
60 
120 
2fO 
80 
260 
40 
80 
80 
160 
140 
200 
60 
400 
640 
80 
260 
40 
140 
40 
100 
160 
40 
120 
60 
440 
400 
3f nenia 
Tyl 
1 
80 
20 
20 
40 
100 
20 
— 
— 
«0 
40 
80 
20 
— 
20 
20 
100 
140 
20 
140 
60 
— 
80 
20 
— 
60 
40 
60 
160 
60 
80 
220 
20 
todes per 200 
Mel 
100 
180 
20 
80 
60 
60 
— 
-
-
40 
— 
100 
180 
20 
40 
20 
100 
860 
— 
240 
40 
— 
100 
180 
20 
SO 
160 
180 
— 
20 
-— 
Tri 
40 
20 
20 
— 
260 
(!0 
— 
20 
— 
80 
— 
40 
20 
80 
20 
60 
40 
20 
— 
— 
40 
— 
40 
20 
20 
— 
20 
100 
20 
20 
-
20 
g soil 
Total 
560 
270 
220 
300 
1480 
320 
200 
160 
200 
4H0 
400 
560 
270 
2t;u 
160 
480 
580 
1560 
140 
1000 
820 
120 
560 
270 
400 
120 
680 
700 
620 
680 
240 
800 
500 
Sap 
1600 
920 
820 
1560 
1040 
1600 
580 
280 
400 
;>ttO 
320 
1600 
920 
1460 
1520 
840 
1060 
840 
1180 
1220 
420 
120 
1600 
920 
1100 
960 
860 
1360 
920 
1100 
920 
1760 
360 
Hop = Hoplolaimus indicus, Rot = Rotylenchidus reniformis, Trh = Tylen-
vhorhynchus brassicae. Tyl = Tylenchus filifortnis, Mel = Meloidogyiie incognita 
larvae, Tri = Trichodonis' niirzai, Total = Total parasitic, Sap = Total saprozoic. 
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Table II - Host suitability to certain nematodes based on crop rotation trials. 
Crops 
Bengal gram 
Broadbean 
Brownhemp 
Clusterbean 
Castor 
Corn 
Cotton 
Eggplant 
Green gram 
Kochia 
Kulfa 
Marigold 
Okra 
Tomato 
Zinnia 
Hop 
P 
P 
G 
P 
G 
G 
G 
G 
P 
G 
G 
P 
G 
P 
G 
Rot 
G 
P 
P 
P 
G 
P 
G 
G 
G 
P 
P 
G 
P 
G 
P 
Host suitability 
1 
Trh i; 
G 
G 
G 
P 
P 
G 
G 
G 
G 
P 
G 
P 
G 
G 
G 
to nematodes 
Tyi i 
P 
P 
G 
G 
P 
G 
G 
G 
G 
P 
G 
P 
G 
P 
G 
Mel 
G 
P 
G 
G 
G 
P 
G 
G 
P 
P 
G 
P 
G 
G 
P 
Tri 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
G 
P 
P 
G 
G 
G = good host, P = poor host, Hop = Hoplolaimus indicus, Rot = Rotylen-
chulus reniformis, Trh = Tylenchorhynchus brassicae, Tyl = Tylenchus filifor-
mis, Mel = Meloidogyne incognita, Tri = Trichodorus mirzai. 
In sequence VI, however, green gram increased populations con-
siderably in October '71. Generally marigold and cotton proved to 
be very good hosts with multiplication rates of the nematode of 
10 and 6 respectively. 
T. brassicae was more abundant on corn, zinnia, broadbean, 
bengal gram, okra, tomato, eggplant, b rownhemp, cotton, green gram 
and kulfa than on marigold and clusterbean. Numbers of T. bras-
sicae increased considerably on kulfa (R = 17) and bengal gram 
(R = 2-7). Tomato and okra favoured multiplication, but when grown 
following a highly susceptible crop, decreased numbers of T. bras-
sicae. At the end of the experiment there was a decline in the popu-
— 69 
lations as compared to the initial population in all the cropping 
sequences except in sequence VI. 
No cropping sequence was found effective in reducing the popu-
lation of H. indicus. Generally tomato, broadbean, clusterbean and 
marigold suppressed the population of nematodes. Populations de-
creased under bengal gram but increased when it was grown fol-
lowing okra. Zinnia, kochia, okra, eggplant, cotton and kulfa brought 
about considerable increases in the populations of H. indicus. Po-
pulations also increased under fallow but this was probably due to 
the presence of graminaceous weeds which were hosts for the ne-
matode. 
Populations of T. filiformis and T. mirzai at the end of the studies 
were below the detectable level in all the cropping sequences. Corn, 
zinnia, okra, eggplant, cotton, brownhemp, green gram, kulfa and 
clusterbean favoured the multiplication of T. filiformis but tomato, 
marigold, broadbean and fallow suppressed populations. Bengal gram 
following kochia, green gram and zinnia increased populations but 
following broadbean, okra, eggplant and clusterbean nematode num-
bers decreased. T. mirzai was abundant around zinnia and tomato 
following eggplant; kulfa following tomato; and tomato following 
castor. All the other crops suppressed the population of T. mirzai. 
Discussion and conclusion 
The results showed that all the cropping sequences tested de-
creased the populations of R. reniformis, M. incognita, T. filiformis 
and T. mirzai to almost undetectable levels by the end of the exper-
iment. The population of T. hrassicae was also reduced considerably 
in all the sequences except in sequence VI where the numbers in-
creased. None of the cropping sequences reduced the population of 
H. indicus. 
These studies confirm the earlier findings (Oostenbrink et al., 
1957; Daulton and Curtis, 1963; Winoto-Suatmadji, 1969; Khan et al, 
1971; Cohn and Mordechai, 1974) that marigold is still the best crop 
to suppress the population of most of the phytonematodes. In these 
studies broadbean and kochia were also found to be very effective 
in reducing the population of almost all the nematodes studied here. 
Tomato and okra have been found to favour multiplication of T. 
brassicae (Siddiqi et al, 1972) but these crops when grown following 
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a highly susceptible crop, bring about reduction in population. This 
is because a highly susceptible crop with a high ' ceiling level ' leads 
to a considerable increase in nematode numbers and when such a 
crop is followed by a less susceptible crop with a low ' ceiling level ', 
the population is not maintained and nematode numbers fall. This 
is in agreement with findings of Jones (1956) and Seinhorst (1967). 
Broadbean and kochia have been found for the first time to be poor 
hosts for most of the nematodes studied here (Table II). Further-
more, these results confirm and extend previously reported results 
(Good, 1968; Khan et al., 1973, 1976; Nusbaum and Ferris, 1973; 
Chawla and Prasad, 1973). 
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S U M M A R Y 
The population densities of plant parasitic nematodes were influenced by 
different cropping sequences. All the cropping sequences tested brought about 
reductions in the populations of Rotylenchidus reniformis, Meloidogyne inco-
gnita, Tylenchus filiformis and Trichodonis mirzai to almost undetectable levels 
by the end of the experiment. This was also the case with Tylenchorhynchus 
brassicae except in one cropping sequence. None of the sequences reduced the 
population of Hoplolaimus indicus. Broadbean and kochia, in addition to mar-
igold, were found to suppress the population of most of the phytonematodes. 
Brownhemp, on the other hand, was found to be most susceptible to M. incognita. 
R I A S S U N T O 
Influenza degli avvicendanienti di coltnre sidle popolazioni di nematodi -fito-
parassiti nel terrene. 
I livelli di popolazione di nematodi fitoparassiti nel terreno sono stati in-
fluenzati da diverse sequenze di colture. Tutte le colture avvicendate hanno 
ridotto le popolazioni di Rotylenchidus reniformis, Meloidogyne incognita, Tylen-
chus filiformis e Trichodonis mirzai a livelli non determinabili, alia fine del-
I'esperimento. Lo stesso effetto e stato ottenuto per Tylenchorhynchus brassicae, 
eccetto per un tipo di avvicendamento, mentre nessuna sequenza ha ridotto le 
densita di Hoplolaimus inaicus. 
— 71 — 
95 
LITERATURE CITED 
CHAWLA M. L. and PRASAD S. K., 1973 - Multiple cropping and nematodes. I - Effects 
of fertility management and intensive rotations on nematode populations 
and crop yield. Indian J. NematoL, 3: 34-49. 
CoHN E. and MORDECHAI M., 1974 - Experiments in suppressing citrus nematode 
populations bv use of a marigold and a predacious nematode. Neinatol. 
inedit., 2: 43-53. 
DAL LTON R. A. C. and CURTIS R. F., 1963 - The effect of Tagetes spp. on Metoido-
gyne javanica in Southern Rhodesia. Neinalologica, 9: 357-362. 
GOOD J. M., 1968 - « Relation of plant parasitic nematodes to soil management 
practices ». In Tropical Neinalology (Eds. G. C. Smart and V. G. Perry), Univ. 
Florida Press, Gainesville, 113-138. 
JoxES F. G.W., 1956 - Soil population of beet eelvvorm (Heterodera schachtii 
Sclnn.) in relation to cropping. II. Microplot and field plot results. A>in. 
Appl. Biol., 44: 25-76. 
KHAN A. M., SAXENA S. K. and SIDDIQI Z. A., 1971 - Efficacy of Tagetes erecta in 
reducing root-infesting nematodes of tomato and okra. Indian Plixtopath., 
24: 166-169. 
KHAN A. M., SIDDIQI Z. A., ALAM M . M . and SAXENA S. K., 1976 - Note on the effect 
of different cropping sequences on the population of plant parasitic nema-
todes. Indian I. Agric. Sci., 46: 439-441. 
KHAN M. W., KHAN A.M., and SAXENA S. K., 1973 - Fungi and nematodes in vege-
table fields with different cropping patterns. Indian Phytopath., 26: 437-446. 
NiSBAUM C.J. and FERRIS H. , 1973 - The role of cropping systems in nematode 
population management. Ann. Rev. Phytopath., 11: 423-440. 
0;:sTEXBRiXK M., KUIPER M. and S'JACOB J. J., 1957 - Tagetes als Feindpflanzen von 
Pratylenchiis Arten. Nematologica SuppL, 2: 424-433. 
Si.iNHORST J.W., 1967 - The relationship between population increase and popu-
lation density in plant parasitic nematodes. III. Definition of the term host, 
host status and resistance. IV. The influence of external conditions on the 
regulation of population density. Nematologica, 13: 429-442. 
SiDDioi Z. A., KHAN A.M. and SAXENA S. K. , 1972 - Host range and varietal resist-
ance of certain crucifers against Tylenchorhynchus brassicae. Indian Phy-
topath., 25: 275-281. 
Soi'THEY J. F., 1970 - Laboratory methods for work with plant and soil ne)iiatodes. 
Tech. Bull. No. 2, Min. Agr. Fish. Food, HMSO, London. 
WINOTO-SUATMADJI R., 1969 - Studies on the effect of Tagetes spp. on plant para-
sitic nematodes, Veenman & Zonen N.V., Wageningen. 
Accepted for publication on 2 March 1977. 
— 72 — 
Nematol. niedil. (1981), 9: 49-56. 96 
Department of Botany, Aligarh Muslim University, 
Aligarh-202001, India 
SOIL POPULATION OF PLANT PARASITIC NEMATODES UNDER 
VARIOUS CROPPING SEQUENCES 
by 
M. M. ALAM, S. K. SAXENA and A. M. KHAN 
Little is known about the factors influencing tfie population dy-
namics of plant parasitic nematodes in India. Recently Chawla and 
Prasad (1973) and Khan et al. (1975, 1976) have investigated the in-
fluence of crop monocultures on the build-up of nematode populations, 
and noted that short term crop rotations were beneficial in reducing 
their numbers. Alam et al. (1976, 1977) studied the effect of twelve 
different cropping sequences, spread over for five years, on the popu-
lation fluctuations of some important genera of plant parasitic nema-
todes and concluded that no single sequence was effective in reducing 
over all nematode populations. It seemed desirable to further inves-
tigate the effect of other cropping sequences on the population of 
plant nematodes. 
Materials and methods 
The experimental area was naturally infested with Meloidogyne 
incognita (Kofoid et White) Chitw., Rotylenchulus reniformis Linford 
et Oliveira, Tylenchorhynchus brassicae Siddiqi, Hoplolaimus indicus 
Sher, Tylenchus filiformis Butschli and Trichodorus mirzai Siddiqi. In 
October 1970 the area was divided into plots, 10 x 1.5 m each, and a 
five-year rotation sequence established as shown in Table I. There 
49 
were three replicates for each crop. The crops were barley (Hordeum 
vulgare L.) cv. BG-49, brownhemp {Hibiscus carinabinus L.) cv. Punjab 
Special, castor {Ricinus communis L.) cv. Local, clusterbean {Cya-
mopsis tetragonaloha Taub.) cv. Local, corn {Zea mays L.) cv. Ganga-5, 
cotton {Gossypium sp.) cv. Local, eggplant (Solammi melongena L.) 
cv. Pusa Purple Long, fenugreek (Trigonella foenumgraecum L.) cv. 
Local, greengram {Phaseolus aureus Roxb.) cv. Local, kochia {Kochia 
scoparia Schrad.) cv. Local, kulfa (Portulaca oleracea L.) cv. Local, 
marigold {Tagetes areata L.) cv. Cracker Jack, mustard (Brassica cam-
pestris L.) cv. Laha-101, okra (Abelmoschus esculentus Moench.) cv. 
Pusa Sawani, radish {Raphanus sativus L.) cv. Kannoji White, turnip 
{Brassica rapa L.) cv. Redbal), zinnia {Zinnia elegans Jacq.) cv. Bright-
ness and fallow in different combinations. Fertilizers were applied at 
the equivalent of 100 lb/acre nitrogen in two equal doses, and 50 
lb/acre phosphorus and potassium in one single dose. Cultivation 
treatments such as watering and weeding were done as necessary. 
Twenty soil cores to a depth of 20 cm were taken from each plot 
at the time of the crop harvest, and after thorough mixing nematodes 
were extracted from 200 g sub-samples by Oostenbrink elutriator 
and Baermann funnel (Southey, 1970). 
Results 
Corn in sequence I supported large numbers of root-knot nema-
tode (M. incognita), but marigold and zinnia following corn reduced 
the numbers to such a lew level (undetectable numbers) that even 
subsequently growing a susceptible crop (eggplant) did not appreciably 
increase the population (Table I). Okra in sequence II and brownhemp 
in sequence III considerably increased the numbers but growing 
barley following okra, and marigold following brownhemp, reduced 
the population to undetectable numbers. In sequence IV the numbers 
of root-knot nematode remained at a very low level throughout the 
study, probably because of the fallow period and also because non-
susceptible crops were grown. Monoculture of eggplant for three con-
secutive seasons (April 1973 to October 1974) in sequence V resulted 
in a gradual build-up of the population of the nematode. Barley foUow-
50 — 
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ing eggplant reduced the population to such an extent that even okra 
following barley failed to increase nematode numbers (sequence V). 
In all the remaining sequences the population was reduced or the 
initial population was maintained except in sequence IX where brown-
hemp favoured multiplication. Fallow following brownhemp reduced 
the numbers to an undetectable level. 
Radish did not appear to be a good host for R. renifonnis, and 
reduced the population to an undetectable level. There was some in-
crease in nematode numbers after eggplant in cropping sequences I, 
II, IV, V and VI but not in VIII and XI, probably because eggplant 
during April-October followed fallow during October-April. Invariably 
multiplication of the nematode was high when eggplant was grown 
during October-April as compared to growing the crop during April-
October. Okra, cotton and castor favoured the multiplication of the 
nematode but fenugreek did not. 
There was drastic reduction in the population of T. brassicae foll-
owing radish. Corn, eggplant, kochia, barley, brownhemp, kulfa and 
turnip considerably increased the population, whereas with marigold, 
zinnia, clusterbean and castor there was a decrease. Barley following 
kochia, okra and greengram decreased nematode numbers but barley 
following zinnia, eggplant and clusterbean increased them. In the 
former case the decrease may have been partly due to the fact that 
barley fails to maintain high population levels following very good 
hosts. Similarly, turnip following kochia did not increase the po-
pulation. 
The population of H. indicus increased when kulfa, castor, cluster-
bean and corn were grown but marigold, radish, kochia and fallow 
brought about a reduction in the numbers of the nematode. The slight 
increase in numbers observed in association with marigold in some 
of the sequences might be due to certain weeds (grasses) acting as 
hosts. 
Radish, corn, kochia, greengram, eggplant and fenugreek markedly 
increased the population of T. filiformis in all the cropping sequences. 
Barley, marigold, turnip and fallow in all the cropping sequences 
reduced the populations to undetectable levels. 
The population of T. mirzxii remained low in all the cropping 
sequences. Marigold in sequence, I, II and IV, brownhemp in III and 
IX, okra in VI, barley in IV, corn in VII and greengram in XII in-
creased the population to some extent. 
.SI 
Table I - Effect of different cropping sequences on the population of plant 
parasitic nematodes. 
II 
III 
IV 
Q isj f r o n * 
O . 11 , V, I IJ \jj 
Initial population 
Radish 
Corn 
Mar igold 
Zinnia 
Mar igold 
Mar igold 
Eggplan t 
Kochia 
Bar ley 
Okra 
Initial population 
Radish 
Okra 
Mar igold 
Eggplan t 
Mar igold 
Okra 
Eggplan t 
Okra 
Bar ley 
O k r a 
Initial population 
Radish 
B r o w n h e m p 
Mar igold 
Marigold 
Marigold 
Cot ton 
Eggplan t 
G r e e n g r a m 
Barley 
Okra 
Initial population 
Radish 
Fal low 
Marigold 
Kulfa 
Marigold 
Fal low 
Eggplan t 
Zinnia 
Barley 
Okra 
Oct 
Duratii 
70-Apr 
)n 
71 
Apr 71-Oct 71 
Oct 
Apr 
Oct 
71-Apr 
72-Oct 
72-Apr 
Apr 73-Oct 
Oct 
Apr 
Oct 
Apr 
Oct 
73-Apr 
72 
72 
73 
73 
74 
74-Oct 74 
74-Apr 75 
75-Oct 75 
70-Apr 
Apr 71-Oct 
Oct 
Apr 
Oct 
Apr 
Oct 
Apr 
Oct 
Apr 
Oct 
Apr 
Oct 
Apr 
Oct 
Apr 
Oct 
Apr 
Oct 
Apr 
71-Apr 
72-Oct 
72-Apr 
73-Oct 
73-Apr 
74-Oct 
74-Apr 
75-Oct 
70-Apr 
71-Oct 
71-Apr 
72-Oct 
72-Ar)r 
71 
71 
72 
72 
73 
73 
74 
74 
75 
75 
71 
71 
72 
72 
73 
73-Oct 73 
73-Apr 
74-Oct 
74-Apr 
74 
74 
75 
75-Oct 75 
Oct 70-Apr 
Apr 
Oct 
Apr 
71-Oct 
71-Apr 
72-Oct 
Oct 72-Apr 
Apr 73-Oct 
Oct 73-Apr 
Apr 74-Oct 
Oct 74-Apr 
Apr 75-Oct 
71 
71 
72 
72 
73 
73 
74 
74 
75 
75 
Hop 
60 
10 
40 
20 
80 
40 
140 
100 
80 
— 
120 
80 
10 
200 
40 
120 
80 
180 
60 
20 
40 
— 
60 
10 
120 
m 
160 
60 
180 
60 
40 
20 
20 
60 
10 
120 
40 
160 
160 
20 
20 
80 
60 
80 
Population ( 
Rot 
20 
— 
— 
--
— 
— 
— 
20 
140 
— 
40 
20 
— 
— 
— 
20 
— 
200 
20 
420 
20 
— 
20 
— 
— 
— 
— 
— 
600 
220 
160 
— 
40 
20 
— 
— 
— 
— 
60 
20 
20 
— 
— 
— 
Trh 
260 
20 
1800 
80 
60 
120 
40 
140 
640 
60 
80 
260 
20 
140 
40 
100 
60 
60 
120 
80 
300 
160 
260 
20 
240 
— 
60 
20 
100 
180 
320 
180 
80 
260 
20 
60 
40 
280 
140 
120 
140 
40 
320 
:^80 
f nematode per 200 
TV. 
80 
160 
240 
20 
20 
40 
20 
60 
120 
— 
— 
80 
160 
40 
60 
60 
20 
40 
80 
80 
20 
20 
80 
160 
80 
— 
20 
80 
20 
40 
180 
— 
40 
80 
160 
— 
— 
40 
80 
40 
60 
40 
20 
160 
;Mel 
100 
10 
240 
— 
— 
— 
— 
20 
— 
20 
40 
100 
10 
160 
— 
120 
— 
80 
120 
560 
20 
20 
100 
10 
900 
— 
— 
— 
— 
20 
40 
— 
40 
100 
10 
20 
-
— 
— 
— 
20 
— 
— 
40 
Tri 
40 
50 
20 
— 
— 
80 
20 
20 
— 
20 
— 
40 
50 
20 
— 
20 
100 
40 
20 
60 
60 
— 
40 
50 
120 
— 
20 
60 
20 
20 
— 
--
— 
40 
50 
80 
20 
20 
100 
20 
-
— 
100 
g soil 
Total Sap 
560 1600 
250 1100 
2340 1660 
120 1700 
160 1120 
280 1240 
220 380 
360 580 
980 1280 
100 260 
280 160 
560 1600 
250 1100 
560 1180 
140 1520 
440 1400 
260 1020 
600 780 
420 740 
1220 1140 
460 880 
200 400 
560 1600 
250 1100 
1460 1140 
30 700 
260 1320 
220 620 
920 640 
540 460 
740 540 
200 700 
220 240 
560 1600 
250 1100 
280 860 
100 1240 
500 1160 
540 1180 
220 540 
260 800 
160 580 
500 560 
560 200 
Table I (Contd.) I>U 
S.N. Crops 
Population of nematode per 200 g soil 
Duration 
Hop Rot Trh 1 Tyl |Mel Tri I Total I Sap 
V Initial population 
Radish 
Mar igold 
Mar igold 
Fal low 
Marigold 
Eggplan t 
Eggp lan t 
Eggp lan t 
Bar ley 
Okra 
Oct 70-Apr 71 
Apr 71-Oct 
Oct 71-Apr 
Apr 72-Oct 
Oct 72-Apr 
Apr 73-Oct 
Oct 73-Apr 
Apr 74-Oct 
Oct 74-Apr 
Apr 75-Oct 
VI Initial population 
Rad i sh 
G r e e n g r a m 
Mar igo ld 
Cas to r 
Mar igold 
C lus t e rbean 
Eggp lan t 
C lus t e rbean 
Bar ley 
O k r a 
Oct 70-Apr 
Apr 7I -0ct 
71 
72 
72 
73 
73 
74 
74 
75 
75 
71 
71 
Oct 71-Ar)r 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Anr 
Apr 74-Oct 
74 
74 
Oct 74-Apr 75 
Apr 75-Oct 
VI I Initial population 
M u s t a r d 
Corn 
Fal low 
Zinnia 
Fa l low 
Mar igold 
Fenugreek 
Kochia 
T u r n i p 
O k r a 
Oct 70-Apr 
75 
71 
Apr 71-Oct 71 
Oct 71-Apr 
Anr 72-Oct 
Oct 72-Apr 
Apr 73-Oct 
Oct 73-Apr 
Apr 74-Oct 
Oct 74-Apr 
Apr 75-Oct 
V I I I Initial population 
M u s t a r d 
Okra 
Fal low 
Eggp lan t 
Fal low 
Okra 
Fenugreek 
Okra 
T u r n i p 
Okra 
Oct 70-Apr 
Apr 71-Oct 
Oct 71-Apr 
Apr 72-Oct 
Oct 72-Apr 
72 
11 
73 
73 
74 
74 
75 
75 
71 
71 
72 
72 
73 
Apr 73-Oct 73 
Oct 73-Apr 
Apr 74-Oct 
Oct 74-Apr 
Apr 75-Oct 
74 
74 
75 
75 
60 
10 
100 
20 
280 
60 
60 
MOO 
20 
140 
120 
60 
10 
260 
20 
280 
40 
180 
160 
220 
40 
80 
60 
100 
100 
30 
200 
— 
140 
100 
20 
— 
40 
60 
100 
160 
80 
80 
60 
220 
100 
— 
80 
— 
20 
— 
— 
— 
— 
-
40 
120 
20 
20 
— 
20 
— 
20 
— 
120 
40 
80 
180 
— 
40 
— 
20 
— 
— 
— 
— 
— 
— 
20 
80 
— 
— 
20 
— 
— 
— 
— 
20 
80 
80 
80 
20 
— 
260 
20 
20 
80 
120 
100 
20 
300 
80 
380 
40 
260 
20 
20 
60 
20 
100 
80 
240 
120 
240 
40 
260 
250 
1360 
50 
140 
100 
60 
60 
400 
20 
160 
260 
250 
140 
100 
180 
20 
80 
100 
240 
280 
20 
80 
160 
20 
— 
40 
20 
80 
100 
160 
20 
— 
80 
160 
— 
60 
60 
60 
20 
60 
40 
20 
-
80 
50 
440 
— 
100 
40 
— 
20 
100 
— 
80 
80 
50 
20 
— 
140 
120 
20 
40 
60 
— 
20 
100 
10 
— 
— 
— 
— 
220 
220 
620 
40 
80 
ICO 
10 
— 
-
— 
— 
20 
40 
60 
— 
— 
100 
10 
80 
— 
40 
— 
— 
— 
— 
— 
— 
100 
10 
20 
— 
140 
— 
— 
80 
140 
— 
— 
40 
50 
40 
-
20 
40 
40 
— 
40 
40 
— 
40 
50 
80 
— 
— 
40 
— 
— 
--
40 
120 
40 
20 
180 
— 
20 
60 
20 
— 
— 
— 
60 
40 
20 
— 
— 
60 
20 
— 
^ 
_ 
20 
40 
5(;0 1600 
250 1100 
180 760 
100 1560 
460 1540 
220 880 
460 460 
1040 4560 
940 480 
640 440 
240 320 
560 1600 
250 1100 
380 720 
140 1000 
480 1960 
280 1220 
380 820 
680 820 
440 680 
380 320 
240 200 
560 1600 
430 1700 
2160 1340 
80 290 
500 1420 
200 1040 
220 240 
200 1760 
600 600 
20 240 
340 200 
560 1600 
430 1700 
340 800 
180 1080 
600 700 
240 920 
400 700 
400 1080 
520 920 
400 580 
80 140 
mi 
Table I (Contd.) 
XI 
XII 
S.N. Crops Duration 
IX Initial population 
Mustard Oct 70-Apr 71 
Brownhemp Apr 71-Oct 71 
Fallow Oct 71-Apr 72 
Marigold Apr 72-Oct 72 
Fallow Oct 72-Apr 73 
Cotton Apr 73-Oct 73 
Fenugreek Oct 73-Apr 74 
Greengram Apr 74-Oct 74 
Turnip Oct 74-Apr 75 
Okra Apr 75-Oct 75 
X Initial population 
Mustard Oct 70-Apr 71 
Fallow Apr 71-Oct 71 
Fallow Oct 71-Apr 72 
Kulfa Apr 72-Oct 72 
Fallow Oct 72-Apr 73 
Fallow Apr 73-Oct 73 
Fenugreek Oct 73-Apr 74 
Zinnia Apr 74-Oct 74 
Turnip Oct 74-Apr 75 
Okra Apr 75-Oct 75 
Initial population 
Mustard Oct 70-Apr 71 
Marigold 
Fallow 
Fallow 
Fallow 
Eggplant 
Fenugreek 
Eggplant 
Turnip 
Okra 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
Initial population 
Mustard Oct 70-Apr 71 
Greengram 
Fallow 
Castor 
Fallow 
Clusterbean 
Fenugreek 
Clusterbean 
Turnip 
Okra 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
Population of nematode per 200 g soil 
Hop Rot Trh Tyl Mel Tri I Total Sap 
60 
100 
180 
40 
«0 180 
(50 
100 
60 
50 
-240 
40 
60 
100 
40 
100 
60 
100 
160 
80 
120 
160 
160 
20 
60 
160 
60 
100 
;i40 
280 
20 
480 
100 
240 
120 
20 260 
— 250 
— 80 
— 120 
— 20 
40 140 
60 
20 
40 — 
70 
20 80 
20 140 
20 180 
100 
20 260 
— 250 
-- 20 
— 60 
— 220 
— 120 
100 
20 120 
— 100 
— 540 
— 160 
20 
20 
20 
100 
60 
20 
20 
20 
260 
250 
80 
20 
80 
60 
100 
160 
280 
520 
120 
260 
250 
20 
160 
80 
60 
20 
140 
80 
440 
140 
80 100 
50 10 
20 
40 
i40 
120 
60 
40 
40 
20 
560 1600 
430 1700 
120 520 160 1060 1080 
20 
20 
80 
70 
40 
40 
— 20 
— 60 
— 20 
20 — 
40 — 
80 100 
50 10 
20 20 
40 
60 
40 
20 
20 
80 100 
50 10 
60 — 
80 100 
60 20 
— 100 
20 160 
40 — 
80 
20 
40 
20 
20 
100 
20 
20 
20 
140 1280 
40 760 
;i20 920 
460 1K80 
220 680 
240 160 
200 500 
180 320 
560 1600 
430 1700 
140 400 
110 600 
500 740 
320 1300 
220 1000 
280 2900 
160 160 
6£0 400 
— 40 200 140 
40 
20 
40 
20 
20 
60 
20 
20 
(;o 
80 100 40 
50 ID 20 
20 - 100 
560 1600 
430 1700 
280 720 
120 1840 
2-20 1100 
180 1460 
460 620 
440 2840 
400 300 
820 3(iO 
320 240 
560 1600 
430 1700 
480 240 
160 290 
480 1180 
180 500 
20 
20 20 
730 
400 
380 
540 
260 
740 
800 
460 
640 
160 
Hop = Hoplolainius indicus, Rot = Rotylenchulus renif 
rhynchus hrassicae, Tyl = Tylenchus filiforniis, Mel = 
larvae, Tri = Trichodorus niiriai, Total = Total parasitic 
ormis, Trh = 
Meloidogyne 
Sap = Total 
Tylencho-
incognita 
saprozoic. 
102 
Discussion and conclusion 
The results reported here confirm earlier findings that none of 
the cropping sequences had an equal effect in reducing the population 
densities of the diverse species of plant parasitic nematodes. By and 
large sequence X (mustard-fallow-fallow-kulfa-fallow-fallow-fenugreck-
zinnia-turnip-okra) was the most efTective in reducing the numbers of 
the four important plant parasitic nematodes viz., M. incognita, R. 
reniformis, T. brassicae and T. filiformis. These rotations can be 
shortened by growing resistant varieties and this possibility is being 
studied. Marigold and zinnia were found to be highly effective in 
reducing the population of almost all the parasitic nematodes tested, 
while eggplant favoured multiplication of all the nematodes. These 
results confirm earlier findings (Khan et al., 1976; Alam et al., 1976, 
1977, 1980). Some of the observed increases in nematode numbers 
in fallow may have been due to the presence of weeds which support-
ed their multiplication. 
High densities of M. incognita in association with okra, brown-
hemp and eggplant were not surprising because all these crops have 
been found susceptible to the root-knot nematode. Low numbers on 
marigold, barley, castor, radish and turnip were expected since these 
plants have been reported as poor hosts. Good (1973) also reported 
that small grain crops like barley are helpful in reducing the popu-
lation densities of root-knot nematodes. He also reported that the 
root-knot nematode increased on cotton (Good 1972) but this was 
not observed in the present study, possibly because marigold or fallow 
preceding cotton reduced the populations to a very low level that any 
multiplication on cotton was undetectable. 
Mustard did not favour reproduction of R. renifonnis and these 
results are in agreement with those of Khan and Khan (1973). 
The research was financed, in part, by a grant from the United 
States Department of Agriculture under PL-480, which is gratefully 
acknowledged. 
S U M M A R Y 
Different cropping sequences influenced the populations of several species 
of plant parasitic nematodes, but to a varying degree. Marigold and zinnia 
suppressed the populations of almost all the test species of nematodes, while 
eggplant favoured their multiplication. Cotton following marigold or fallow 
did not support Meloidogyne incognita. 
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R I A S S U N T O 
Popolazioni nel terreno di nematodi fitoparassiti in different! rotazioni. 
Different! rotazioni hanno influenzato in maniera diversa le popolazioni nel 
terreno di vari nematodi fitoparassiti. La violetta africana e la zinnia hanno 
pressocche eradicato le popolazioni di quasi tutti i nematodi presenti nel ter-
reno, mentre la melanzana ne ha favorito I'aumento. II cotone, seguito da 
violetta o da maggese nudo ha depresso le popolazioni di Meloidogyne incognita. 
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MANAGEMENT OF PIANT-PARASITIC NEMATODES BY DIFFERENT CROPPING 
SEQUENCES 
M.MASHKOOR ALAM, S.K.SAXENA & ABRAR M. KHAN 
Department of Botany, 
Al lgarh Muslim U n i v e r s i t y , Al igarh-202002 , Ind ia 
Di f f e ren t cropping sequences in f luenced the popu l a t i on 
d e n s i t i e s of Meloidogyne incoRni ta , Rotylenchulus r e n l f o r m i s , 
Tylenchorhynchus b r a s s i c a e , Hoplolaimus i n d i c u s . Tylenchus 
f i l i f o r m i s and Trichodorus mi rza i t o a varyino; e x t e n t . Cropping 
sequences l inseed-brownhemp-ca r ro t -mar igo ld - fenugreek-co t ton-
t u m i p - g r e e n gram-radish-okra and l i n s e e d - m a r i g o l d - c a r r o t - f a l l o w -
f e n u g r e e k - e g g p l a n t - t u r n i p - e g g p l a n t - r a d i s h - o k r a were more e f f e c t i v e 
i n suppress ing the popu la t ion of p l a n t - p a r a s i t i c nematodes. 
Marigold and kochia were found unfavourable to most of the t e s t 
spec i e s of nematodes, 
INTRODUCTION 
One of the aims of r o t a t i o n of crops i s to keep the popu la t ion 
of pathogens i n c l u d i n g nematodes below the damaging l e v e l . There-
fo r e , t he re i s a c o n s t a n t need to search such sequences which a re 
both d e t r i m e n t a l to nematodes and accep tab l e to growers . E a r l i e r 
s t u d i e s have mostly been d i r e c t e d to c o n t r o l s i n g l e nematode spec ie s 
by growing non-host crops (Oostenbrink, 1951; Nusbaum & Fterris , 
1973). Some r ecen t s t u d i e s (Alam e ^ a l . . , 1976, 1977, 1980, 1981; 
Khan et^ al_.» 1976) have pixjvided ev idences t h a t p roper cropping 
sequences can reduce the popu la t i on of some of the noxious nematodes 
In view of the need for new cropping sequences , the p r e s e n t work 
was under taken a g a i n s t some important genera of p l a n t - p a r a s i t i c 
nematodes. 
MATERIALS & METHODS 
The f i e l d s e l e c t e d fo r the experiment was n a t u r a l l y i n f e s t ed 
with Meloidogyne incogn i t a (Kofoid & White) Ghitwood, Rotylenchulus 
ren i formis Linford & O l i v e i r a , Tylenchorhynchus b r a s s i c a e S i d d i q i , 
Hoplolaimus ind icus Sher, Tylenchus f i l i f o r m i s B u t s c h l i and 
Trichodorus m i r z a i S i d d i q i . The f i e l d was divided i n t o beds 
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measuring 10X1,5 m each . Crops were grown durin,'^ Oc tober -Apr i l 
and Apr i l -Oc tobe r , The va r ious cropping systems included brown-
hemp (Hibiscus cannabinus L.) cv . Punjab S p e c i a l , c a r r o t (Paucus 
ca ro ta L,) cv . Early Nantes, c a s t o r (Ricinus communis L.) c v . 
Local , c l u s t e rbean (Cyamopsis t e t i ^gona loba T&ub.) c v . Big-podded, 
corn (Zea mays L,) cv . Ganga-5, c o t t o n (Gossypium s p , ) cv . Local, 
eggp lan t (Solanum melongena L.) cv . Pusa Purple Long, fenugreek 
(Trigone11a foenumgraecum L.) cv . Local , green gram (Phaseolus 
aureus Roxb,) cv . Local , kochia (Kochia scopar ia 3 c h r a d , ) cv . Local 
kulfa (Por tu laca o l e racea L.) cv . Local , l i n s e e d (Linum 
us i t a t i s s lmum L, ) cv . Local, marigold (Tagetes e r e c t a L.) cv. 
Cracker Jack, okra (Abelmoschus e s c u l e n t u s Moench.) cv . Pusa 
Sawani, po t a to (Solanum tuberosum L. ) cv . 2807, r a d i s h (Raphanus 
s a t i v u s L.) cv , Kannoji White, tomato (Ly copers icon lycopersicum 
( L , ) Ka r s t en , ) cv , Marglobe, t u r n i p (Brass ica rapa L.) cv, Redball 
and %innia (Zinnia e l egans J a c q , ) cv . B r i g h t n e s s . There were 
th ree r e p l i c a t e s for each c r o p . F t e r t i l i z e r s a t the r a t e of 
110 kg N/ha were given in two equal doses , and 55 kg each of P and 
K p e r ha in one s i n g l e d o s e . Watering and weeding were done when 
neces sa ry . So i l samples (20 cores-2x20 cm) for de te rmin ing 
nematode popu la t ions were c o l l e c t e d from each bed a t the time of 
sowing and h a r v e s t i n g , and a f t e r thorough mixing, nematodes were 
i s o l a t e d from 200 g sub-samples by means of Oos t enb r ink ' s 
e l u t r i a t o r and Baermann funnel (Southey, 1970) . 
RESULTS 
Resul t s ( t ab le 1) show t h a t none of the twelve cropping 
sequences t e s t e d were equa l l y e f f e c t i v e to a l l the p l a n t - p a r a s i t i c 
nematodes. Response of d i f f e r e n t cropping sequences to d i f f e r e n t 
nematode spec ie s was found as fo l lows : 
Meloldogyne incognita : 
Sequences I I and VI I I r e s u l t e d in i nc rea se in popu la t i on of L2 
of the nematode whereas I and V j u s t maintained by i n i t i a l popula-
t i o n . The remaining sequences, however, were e f f e c t i v e in reducing 
the popu la t i on of the nematode with X and XI inducing i t to 
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TABLE 1 10, 
Effect of d i f ferent cropping sequences on the population of p l a n t - p a r a s i t i c 
nematodes. 
S.N. Crop D i i r ^ t i on X ^ U X yJ, W n L V ^ l A 
I I n i t i a l p o p u l a t i o n 
P o t a t o 
Com 
P o t a t o 
Z inn ia 
E g g p l a n t 
Mar igo ld 
Fal low 
Kochia 
Tomato 
Okra » 
I I . I n i t i a l popula 
P o t a t o 
Okra 
P o t a t o 
E g g p l a n t 
E g g p l a n t 
Okra 
Fa l low 
Okra 
Tomato 
Okra 
Oct 70-Apr 71 
Apr 71 -Oc t 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 7A 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
i t i o n 
Oct 70-Apr 71 
Apr 71 -Oc t 71 
Oct 71-Apr 72 
Apr 72 -Oc t 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 74 
Apr 7 4 - O c t 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
I I I I n i t i a l p o p u l a t i o n 
P o t a t o 
Brovmhemp 
P o t a t o 
Mar igo ld 
E g g p l a n t 
C o t t o n 
Fkllow 
Green gram 
Tomato 
Okra 
Oct 70-Apr 71 
Apr 71 -Oc t 71 
Oct 71-Apr 72 
Apr 72 -Oc t 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 74 
Apr 74 -Oc t 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
IV I n i t i a l p o p u l a t i o n 
P o t a t o 
Ffeillow 
P o t a t o 
Kulfa 
E g g p l a n t 
F&llow 
Ffeillow 
Z i n n i a 
Tomato 
Okra 
Oct 70-Apr 71 
Apr 71 -Oc t 71 
Oct 71-Apr 72 
Apr 72 -Oc t 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75 -Oc t 75 
Popula 
Hop 
60 
20 
20 
30 
380 
80 
40 
20 
-
80 
— 
60 
20 
300 
200 
480 
120 
100 
60 
— 
-
40 
60 
20 
140 
60 
80 
220 
220 
40 
40 
-
40 
60 
20 
200 
140 
760 
40 
180 
60 
60 
-
80 
t i o n 
Rot 
20 
— 
-
-
20 
-
-
-
-
-
40 
20 
--
-
20 
-
60 
-
20 
-
— 
20 
20 
— 
— 
-
-
-
680 
40 
80 
-
40 
20 
— 
— 
-
— 
20 
20 
-
-
-
20 
L o f nematodes 
Trh 
260 
60 
1140 
30 
60 
80 
80 
80 
.100 
560 
120 
260 
60 
120 
120 
160 
200 
40 
180 
100 
560 
20 
260 
60 
20 
100 
60 
160 
220 
160 
180 
1120 
160 
260 
60 
20 
140 
780 
240 
180 
20 
100 
440 
120 
Tyl 
80 
60 
140 
-
120 
60 
40 
20 
20 
60 
20 
80 
60 
20 
20 
Mel 
100 
160 
180 
-
40 
-
-
-
-
600 
100 
100 
160 
880 
120 
; p e r 200 
T r i 
40 
40 
40 
-
180 
60 
20 
-
-
60 
40 
40 
40 
120 
20 
140 1380 140 
120 
160 
60 
-
40 
— 
80 
60 
140 
20 
20 
60 
180 
120 
100 
80 
40 
80 
60 
-
20 
60 
120 
60 
20 
40 
60 
120 
580 
480 
— 
-
300 
140 
100 
160 
800 
200 
— 
40 
160 
-
-
40 
40 
100 
160 
-
-
40 
160 
-
-
— 
80 
100 
160 
40 
— 
-
20 
— 
40 
40 
100 
20 
20 
60 
60 
40 
-
80 
-
40 
40 
20 
-
20 
80 
20 
20 
-
20 
" • 
T o t a l 
560 
340 
1520 
60 
800 
280 
180 
120 
120 
1360 
320 
560 
340 
1440 
500 
2300 
1240 
820 
320 
100 
920 
220 
560 
340 
1200 
400 
180 
540 
1520 
400 
400 
1320 
320 
560 
320 
240 
300 
1660 
660 
460 
120 
200 
600 
440 
g s o i l 
Sap 
1600 
1680 
700 
610 
760 
1140 
340 
920 
440 
780 
260 
1600 
1680 
840 
1620 
1860 
2060 
560 
440 
180 
660 
100 
1600 
1680 
1800 
1360 
1540 
780 
1040 
940 
1320 
760 
160 
1600 
1680 
780 
1700 
700 
560 
800 
560 
840 
560 
520 
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Table 1 (Contd.) 
S.N. Crop Duration 
V I n i t i a l p o p u l a t i o n 
Pota to 
Marigold 
P o t a t o ^ 
Fallow 
Eggplant 
Eggplant 
Ffeillow 
Eggplant 
Tomato 
Okra 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
VI I n i t i a l p o p u l a t i o n 
Fotato 
Green gram 
Pota to 
Castor 
Eggplant 
Clus terbean 
Fallow 
Clus terbean 
Tomato 
Okra 
Uct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
VII I n i t i a l p o p u l a t i o n 
Linseed 
Com 
Carrot 
Zinnia 
Ftenugreek 
Marigold 
Turnip 
Kochia 
Radish 
Okra 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
VIII I n i t i a l p o p u l a t i o n 
Linseed 
Okra 
Carrot 
Eggplant 
Fbnugreek 
Okra 
Turnip 
Okra 
Radish 
Okra 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73-Oct 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
P o p u l a t i o n of 
Hop 
60 
20 
100 
40 
260 
100 
40 
60 
40 
40 
80 
60 
20 
160 
180 
700 
60 
80 
20 
60 
20 
— 
60 
10 
300 
80 
120 
200 
-
100 
-
20 
160 
60 
10 
160 
120 
220 
120 
120 
80 
40 
-
120 
Rot 
20 
-
-
-
20 
-
20 
-
-
-
20 
20 
-
40 
-
200 
80 
40 
20 
-
— 
80 
20 
-
-
— 
— 
20 
-
20 
-
— 
— 
20 
-
-
— 
-
80 
20 
60 
80 
-
20 
Trh 
260 
60 
40 
80 
100 
180 
20 
160 
40 
620 
240 
260 
60 
20 
180 
380 
100 
20 
60 
120 
420 
120 
260 
120 
1680 
140 
320 
200 
40 
180 
340 
320 
160 
260 
120 
140 
40 
240 
280 
220 
480 
320 
200 
400 
nema 
Tyl 
80 
60 
-
20 
-
140 
40 
~ 
-
60 
— 
80 
60 
180 
-
80 
100 
180 
20 
-
60 
20 
80 
20 
200 
40 
220 
160 
20 
60 
20 
120 
40 
80 
20 
20 
40 
60 
80 
40 
40 
40 
80 
40 
t o d e s 
Mel 
100 
160 
-
-
-
180 
UBO 
-
-
360 
100 
100 
160 
20 
-
40 
240 
360 
-
-
160 
40 
100 
10 
-
40 
60 
200 
-
-
-
-
40 
100 
10 
100 
120 
760 
300 
180 
-
20 
— 
160 
p e r 
T r i 
40 
40 
-
-
60 
100 
-
120 
-
20 
— 
40 
40 
60 
-
40 
40 
20 
20 
-
80 
-
40 
20 
20 
20 
120 
100 
40 
20 
-
-
-
40 
20 
20 
-
60 
100 
60 
-
-
80 
200 g s 
T o t a l 
560 
340 
140 
140 
440 
700 
600 
340 
80 
1100 
440 
560 
340 
480 
360 
1440 
620 
700 
140 
180 
740 
260 
560 
180 
2200 
320 
840 
880 
100 
380 
360 
460 
400 
560 
180 
440 
320 
1340 
960 
940 
660 
500 
360 
740 
; o i l 
Sap 
1600 
1680 
280 
1080 
1480 
700 
320 
840 
180 
380 
280 
1600 
1680 
900 
270 
1840 
660 
700 
320 
200 
300 
120 
1600 
1080 
1800 
1400 
1280 
540 
660 
820 
600 
480 
160 
1600 
1080 
260 
1420 
1160 
1260 
480 
920 
1040 
160 
360 
- 4 -
10& 
1 (Contd.) 
S.N. Crop 
IX I n i t i a l popu 
L inseed 
Brownhemp 
C a r r o t 
Mar igo ld 
Ftenugreek 
C o t t o n 
T u r n i p 
Green gram 
Rad i sh 
Okra 
D u r a t i o n 
l a t i o n 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 7k 
Apr 74 -Oc t 74 
Oct 74-Apr 75 
Apr 75 -Oc t 75 
X I n i t i a l p o p u l a t i o n 
L in seed 
Ffeillow 
C a r r o t 
Kulfa 
Ffenugreek 
F&llow 
T u r n i p 
Z i n n i a 
Radish 
Okra 
Oct 70-Apr 71 
Apr 71 -Oc t 71 
Oct 71-Apr 72 
Apr 72 -Oc t 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 74 
Apr 74 -Oc t 74 
Oct 74-Apr 75 
Apr 7 5 - O c t 75 
XI I n i t i a l p o p u l a t i o n 
L inseed 
Mar igo ld 
C a r r o t 
Fa l low 
Ftenugreek 
E g g p l a n t 
T u r n i p 
E g g p l a n t 
Rad i sh 
Okra 
Oct 70-Apr 71 
Apr 71-Oct 71 
Oct 71-Apr 72 
Apr 72-Oct 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 74 
Apr 74-Oct 74 
Oct 74-Apr 75 
Apr 75-Oct 75 
X I I I n i t i a l p o p u l a t i o n 
L inseed 
Green gram 
C a r r o t 
C a s t o r 
Fenugreek 
C l u s t e r b e a n 
T u r n i p 
C l u s t e r b e a n 
Radish 
Okra 
Hop = Hoplo la imus 
rhynchus b r a s s i c a e 
Oct 70-Apr 71 
Apr 71 -Oc t 71 
Oct 71-Apr 72 
Apr 72 -Oc t 72 
Oct 72-Apr 73 
Apr 73 -Oc t 73 
Oct 73-Apr 74 
Apr 74 -Oc t 74 
Oct 74-Apr 75 
Apr 75 -Oc t 75 
i n d i c u s . Rot = 
P o p u l a t 
Hop 
60 
10 
100 
80 
20 
80 
160 
20 
20 
40 
40 
60 
10 
220 
100 
480 
100 
110 
-
40 
-
160 
60 
10 
100 
180 
180 
180 
140 
80 
-
60 
40 
60 
10 
80 
60 
60 
220 
60 
40 
— 
20 
80 
Rot 
20 
-
-
20 
-
-
180 
-
20 
20 
— 
20 
-
-
-
-
80 
-
— 
40 
-
— 
20 
-
-
40 
20 
-
80 
-
-
-
— 
20 
— 
40 
-
220 
180 
140 
-
-
-
— 
i o n o f nematode 
Trh 
260 
120 
100 
40 
120 
140 
80 
280 
660 
260 
80 
26Q 
120 
20 
20 
120 
280 
20 
60 
180 
80 
80 
260 
120 
40 
80 
140 
300 
180 
460 
60 
220 
120 
260 
120 
100 
150 
200 
320 
100 
600 
360 
460 
100 
Tyl 
80 
20 
280 
40 
— 
120 
80 
60 
120 
140 
— 
80 
20 
20 
20 
20 
100 
-
20 
40 
20 
— 
80 
20 
60 
-
40 
180 
20 
120 
40 
40 
— 
80 
20 
100 
-
40 
240 
120 
20 
60 
80 
80 
Mel 
100 
10 
620 
80 
-
140 
120 
-
-
-
40 
100 
10 
40 
-
40 
240 
-
— 
-
-
-
100 
10 
10 
20 
-
80 
440 
-
-
-
-
100 
10 
20 
-
— 
180 
-
-
— 
— 
40 
R o t y l e n c h u l u s r e n i f o r m i s . 
. Tyl = Ty lenchus f i l i f o r m i s . Mel = i 
l a r v a e , T r i = T r i c h o d o r u s m i r z a i . T o t a l = = T o t a l p a r a s i t 
s p e r 
T r i 
40 
20 
60 
20 
20 
20 
20 
-
40 
20 
-
40 
20 
60 
-
40 
80 
— 
— 
— 
20 
-
40 
20 
20 
-
-
100 
20 
60 
40 
-
-
40 
20 
20 
— 
40 
140 
120 
20 
40 
80 
— 
Trh = 
MeloidOAyne 
200 g 
T o t a l 
560 
180 
1160 
280 
160 
500 
640 
360 
860 
480 
160 
560 
180 
360 
140 
700 
880 
130 
80 
300 
120 
240 
560 
180 
230 
320 
380 
840 
880 
720 
140 
320 
160 
560 
180 
360 
210 
560 
1280 
540 
680 
460 
640 
300 
s o i l 
Sap 
1600 
1080 
840 
1240 
1740 
980 
1140 
2420 
560 
660 
140 
1600 
1080 
680 
1640 
680 
1000 
440 
420 
680 
200 
200 
1600 
1080 
700 
920 
1500 
700 
340 
1340 
960 
360 
220 
1600 
1080 
460 
840 
1660 
1440 
1260 
1640 
800 
1040 
160 
T y l e n c h o -
» IncOi^nita 
i c , Sap = T o t a l 
saprozoic. 
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undetectable l e v e l . V/hen tomato, corn, potato , okra, eggplant, 
clusterbean,fenugreek and brownhemp were included in the sequences, 
these considerably increased the population of the nematode. On 
the contrary marigold and zinnia amongst the members of the family 
Compositae and iradish and turnip from Cruciferae brought dovm 
the population of the nematode larvae in s o i l to undetectable 
l eve1 . 
Rotylenchulus reniformis : 
Although the population of the nematode was not very high, 
yet a l l the sequences except I, I I , I I I and IV were very ef fec-
t ive in reducing the population of the nematode to undetectable 
l e v e l . Oki^, cotton, green gram, cas tor and fenugreek when 
included in the d i f ferent sequences increased the nematode 
population while the remaining crops reduced the population to a 
varying degree. 
Tylenchorhynchus brassicae ; 
None of the cropping sequences except VIII supported the 
build-up of the nematode populat ion. Highest reduction in mul t i -
p l i ca t i on rate of the nematode, based on re l a t ive efficacy of the 
sequences, was found in sequence I I . Corn, tomato, eggplant, 
cot ton, kulfa, cas tor , zinnia, kochia, tu rn ip , green gram, radish 
and fenugreek were highly sui table hosts for the nematode reproduc-
t i o n . Potato, okra, marigold, fallow and c lus t e r bean were very 
effect ive in reducing the population of the nematode, 
Hoplolaimus indicus : 
In the cropping sequences IV, V, VII, VIII , X and XII the 
population of the nematode increased a t the end of the study with 
highest rate of mul t ip l ica t ion in sequences VII and X, But in 
sequences I and VI the population was reduced to undetectable 
l e v e l . By and large kulfa, green gram, fenugreek, okra, eggplant, 
zinnia, com and cas tor favoured the mul t ip l ica t ion of the 
nematode, but marigold, radish, kochia, tomato and turnip did not 
- 6 -
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support the nematode. In fallow there was r ise in the population 
of the nematode, probably because of ce r t a in weeds favouring 
the nematode. 
Tylenchus fi l iformls and Trlchodorus mirzal : 
Prac t ica l ly in none of the cropping sequences tes ted , these 
nematodes mul t ip l ied . In sequences I I and I I I there was some 
increase in the f inal population of 1^ . f i l i formis as indicated by 
the re la t ive influence of the sequences but th i s increase was not 
very s ign i f i can t . The population of T. mirzai was j u s t maintained 
in sequence I and remained below detect ion level in a l l the 
remaining sequences. Corn, zinnia, eggplant, cotton, green gram, 
c lus t e r bean, brownhemp and fenugreek in various sequences 
supported the reproduction of I], f i l i formis and zinnia, okra, 
eggplant:, brownhemp and fenugreek for T_, mirza i . Kochia, marigold, 
potato , c lu s t e r bean and car ro t , however, did not support the 
population of both the nematodes. 
DISCUSSION 
Of the d i f ferent cropping sequences t es ted , two, v i z . , IX 
(linseed-brownhemp-car rot-marigold-fenugreek-cotton-turnip-green 
gram-radish-okra) and XI ( l inseed-marigold-carrot-fal low-
fenugreek-eggplant-tumip-eggplant-radish-okra) were effect ive in 
reducing the population of almost a l l the nematodes a t the termi-
nation of the s tudies with re la t ive efficacy (reproduction factor) 
varying from 0 to 0.57 in both (l&ble 2 ) . I t i s probable tha t 
these sequences included crops, such as radish, l inseed and 
marigold, known as poor hosts for majority of the nematodes studies 
here (Oostenbrink e_t al^., 1957; Daulton & Cur t i s , 1963; Suatmadji, 
1969; Gohn & Mordechai, 1974). 
The decline in the population of root-knot nematode as a 
r e su l t of potato cu l t iva t ion in ce r t a in sequences (which is a 
good host of root-knot nematode) might par t ly be due to the 
c u l t i v a r to le ran t to the nematode. 
- 7 -
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TABLE 2 
Rela t ive e f f i cacy of va r ious cropping sequences based on 
rep roduc t ion f a c t o r of p l a n t - p a r a s i t i c nematodes. 
Cropping 
sequence 
I 
I I 
I I I 
IV 
V 
VI 
V I I 
VII I 
IX 
X 
XI 
X I I 
l^produc 
Hop 
0.00 
0.67 
0.67 
1.33 
1.33 
0.00 
2.67 
2.00 
0.67 
2.67 
0.67 
1.33 
t i o n fac t 
Rot 
2.00 
1.0C 
2.00 
0.00 
1 .00 
4.00 
0„00 
1.00 
0.00 
0.00 
0.00 
0.00 
or (R=Pf/Pi) of 
nematodes 
Trh 
0.46 
0.08 
0.62 
0.46 
0.92 
0 .46 
0.62 
1.54 
0.31 
0.31 
0.46 
0.39 
Tyl 
0.25 
0.00 
0.50 
1.50 
0.00 
0.25 
0.50 
0.50 
0.00 
0.00 
0.00 
1.00 
plan t -para3 
Mel 
1.00 
1.40 
0.40 
1.00 
1.00 
0.40 
0.40 
1.60 
0.40 
0.00 
0.00 
0.40 
i i t i c 
Tri 
1.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
R = Reproduction f a c t o r of nematode - used to determine the 
r e l a t i v e e f f i cacy of cropping sequence. The l e s s the R the 
more e f f e c t i v e i s the cropping sequence and v i ce v e r s a . 
Pf= Final popu la t ion a t uhe end of the cropping sequence. 
Pi= I n i t i a l popu la t ion in the begin ing of the cropping sequence. 
Hop = Hoplolaimus ind ieua . Rot = Rotylenchulus reniformls> 
Trh = Tylenchorhynchus b r a s s i c a e . Tyl = Tylenchus f l l l f o r m i s , 
Mel = Meloidogyne 1 n'co'gnita, TFi = Trichodorus m i r z a j . 
- 8 -
?:.-e popu la t ion of Rotylenchulus re n i form i s was low a t the 
begin ing of the experiment and remained low in most of the 
sequences but when c o t t o n and c a s t o r were included the re was many-
fold r i s e in the p o p u l a t i o n . I t i s unders tandable as both are 
good hos t s of the nematode (Alam e_t a_l., 1979). The popula t ion 
of Tylenchorhynchus bras3 icae expectedly increased around 
c r u c i f e r s such as t u r n i p and r ad i sh which are known good hos t s 
(Alam e t al_., 1979). 
"hese r e s u l t s , i n a way, confirm (Good, 1968; Nusbaum & 
Fterri:;, 1973) and extend the e a r l i e r f ind ings (Alam ejb a l . . , 1976, 
1977, 1980, 1981; K h a n e ^ a J ^ . , 1976) . 
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Most of the studies on the efTect of 
crop rotation on the population of parasi-
tic nematodes relate to the control of 
single nematode species by growing non-
host crops (Oostenbrink, 1961; Nusbaum 
and Ferris, 1973; Khan et al.. 1973; 
Chawla and Prasad, 1973). But very little 
attention has been paid on managing the 
various communities of parasitic nema-
todes by different cropping sequences. 
The present study was, therefore, conduc-
ted to determine the effect of different 
cropping sequences commonly used by 
farmers on the management of population 
of different nematodes. 
Five different cropping sequences 
(Table 1) were replicated thrice in a comp-
letely randomized-block design. The bed 
size for each crop was 20 m*. Urea (N @ 
112 kg/ha), superphosphate (P @ 56 
kg/ha) and muriate of potash (K @ 
56 kg/ha) were applied every time before 
sowing. Watering and weeding were done 
when necessary. Soil samples for deter-
mining nematode population ^ ere taken 
at harvest. Each sample consisting of 20 
Sequence 
Table 1. Sequences of different cropping systems 
Cropping sequences/duration 
Winter Monsoon Winter Monsoon Winter 
October 70 
April 71 
April 71 
October 71 
October 71 
April 72 
April 72 
October 72 
October 72 
AprU 73 
Mustard 
('RL 18') 
Turnip 
('Local Red') 
Gram 
('RS 6') 
Barley 
('Local') 
Linseed 
('Local') 
Chilli 
('NP 46A') 
Pigeonpea 
(Type 21*) 
Fallow 
Pearlmillet 
('Manipur') 
Maize 
(•Ganga 5') 
Eggplant 
('Pusa Purple 
Long') 
Eggplant 
('Pusa Purple 
Long') 
Eggplant 
('Pusa Purple 
Long)' 
Eggplant 
('Pusa Purple 
Long') 
Eggplant 
('Pusa Purple 
Long') 
Eggplant 
('Pusa Purple 
Long') 
. Eggplant 
('Pusa Purplfr 
Long') 
Eggplant 
('Pusa Purple 
Long") 
Eggplant 
('Pusa Purple 
Long') 
Eggplant 
('Pusa Purple 
Long') 
Garlic 
('Local') 
Table-beet 
('Globe') 
Table-beet 
('Globe') 
Gram 
('RS 6*) 
Gram 
(RS 6') 
Mustard, Brassica juncea (L.) Czem & Coss.; turnip, Brassica rapa L.; gram, Cicer artetimim 
L.; bariey, Hordeum vulgare L.; linseed, Umm usitatissimum L.; chilli, Ctg)sicum frutescens L.; 
pigeonpea, Cajanus cajan (L.) Millsp.; pearlmillet, Penmsetum lyphoides (Burm. f.) Stapf 
& C. E. Hubb.; maize, Zea mays L.; eggplant, Solanim melongena L.; garlic. Allium sativum 
L.; table-beet, Beta vulgaris L. 
'Professor, 'Lecturer, 'Assistant Plant Pathologist, 'Reader, Department of Botany. 
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Table 2. Effect of different cropping sequences on the population of parasitic nematode* 
Sequence Crop 
1 Ini/ial population 
Mustard ('RL 18') 
Chilli CNP 46A') 
Eggplant ('Pusa Purple 
Long') 
Garlic ('Local") 
LSD (at 5% level) 
LSD (at 1 % level) 
2 Initial population 
Turnip ('Local Red') 
Pigeonpea ('Type 21') 
Eggplant ('Pusa Purple 
Long') 
Table-beet ('Globe') 
LSD (at 5% level) 
LSD (at 1 % level) 
3 initial population 
Gram (RS 6') 
Fallow 
Eggplant ('Pusa Purple 
Long') 
Table-beet ('Globe') 
LSD (at 5% level) 
LSD (at 1% level) 
4 Initial population 
Barley ('Local') 
Pearlmillet ('Manipur') 
Eggplant ('Pusa Purple 
Long') 
Gram ('RS 6') 
LSD (at 5% level) 
LSD (at 1 % level) 
5 Initial population 
Linseed ('Local') 
Maize ('Ganga 5') 
Eggplant ('Pusa Purple 
Long') 
Gram ('RS 6') 
LSD (at 5% level) 
LSD (at 1 % level) 
Period 
Oct 7&—Apr 71 
Apr 71—Oct 71 
Oct 71—Oct 72 
Oct 72—Apr 73 
Oct 70—Apr 71 
Apr 71—Oct 71 
Oct 71—Oct 72 
Oct 72—Apr 73 
Oct 70—Apr 71 
Apr 71—Oct 71 
Oct 71—Oct 72 
Oct 72—Apr 73 
Oct 70—Apr 71 
Apr 71—Oct 71 
Oct 71—Oct 72 
Oct 72—Apr 73 
Oct 70—Apr 71 
Apr 71—Oct 71 
Oct 71-Oct 72 
Oct 72—Apr 73 
•Hop 
105 
35 
180 
210 
175 
25.37 
37.91 
72 
40 
220 
120 
300 
48.43 
71.46 
75 
176 
240 
260 
200 
47.50 
69.11 
63 
82 
155 
180 
125 
14.99 
21.81 
56 
105 
330 
360 
ISO 
21.91 
31.87 
Nematode population/200 g soil 
Tylen 
65 
700 
175 
140 
1500 
51.73 
75.81 
108 
120 
250 
150 
1525 
53.75 
79.32 
125 
32 
240 
125 
375 
23.06 
33.55 
63 
270 
250 
120 
650 
30.21 
43.95 
56 
35 
93 
120 
750 
52.58 
76.49 
Tyl 
— 
— 
35 
75 
— 
— 
90 
40 
25 
30 
275 
14.08 
20.48 
5 
57 
25 
50 
75 
14.99 
21.81 
21 
116 
350 
120 
50 
16.49 
23.99 
35 
175 
60 
25 
12.68 
18.45 
Mel o 
5 
5 
250 
1850 
25 
27.90 
41.70 
9 
20 
75 
200 
1350 
41.85 
62.54 
5 
19 
75 
750 
1800 
52.73 
76.72 
5 
— 
50 
660 
1350 
33.23 
48.35 
14 
5 
— 
440 
1250 
53.72 
78.17 
Tri 
15 
15 
50 
70 
50 
11.53 
16.78 
18 
40 
25 
60 
100 
12.68 
18.45 
25 
38 
30 
75 
75 
7.50 
10.90 
21 
18 
15 
— 
75 
8.24 
11.99 
14 
30 
50 
120 
75 
11.53 
16.78 
Sap 
143 
595 
1170 
650 
2950 
1670 
640 
830 
850 
2975 
2550 
2280 
1850 
1150 
1525 
1938 
185 
1040 
800 
4840 
170 
142 
1070 
740 
3550 
•Hop =» Hoplolaimus indicus, Tylen • 
Mel = Meloidogyne incognita larvae, Tri= 
' Tylenchorhynchus brassicae, Tyl = Tylenchus filiformis, 
Trichodorus mirzat, and Sap — Total saprozoic forms. 
cores (20 cm x 20 cm), randomly collec-
ted from each plot, was mixed thoroughly, 
and a 200-g soil sample was processed 
by using Oostenbrink's elutriator along 
with modified Baerman funnels for 
separating the nematodes from the soil. 
The niunber of nematodes was counted 
and the population was calculated. 
The results (Table 2) show that 
the populations of Tylenchorhynchus bras-
440 
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sicae Siddiqi, Hoplolaimus indicus Sher, 
Trichodorus mirzai Siddiqi, Tylenchus 
fili/ormis Butschli and the larvae of Meloi-
dogyne incognita (Kofoid & White) Chit-
wood were greatly influenced by the 
cropping sequences. 
There was a manifold increase in the 
population of the larvae of M. incognita 
on eggplant in all the 5 cropping sequences, 
the highest increase being observed when 
chilli was followed by eggplant. Further 
increase in the number of larvae of root-
knot was observed when table-beet and 
gram followed eggplant. Garlic following 
eggplant brought about considerable re-
duction in the nunjber of larvae. Mustard, 
turnip, barley, linseed and fallow suppres-
sed the population of larvae. 
Mustard, garlic and table-beet were 
highly favourable for the multiplication 
of T. brassicae. Pigeonpea, barley and 
gram also favoured the multiplication but 
to a lesser degree. 
The highest build up of the popula-
tion of H. indicus occurred on maize 
and eggplant in cropping sequence 5. 
Gram brought about a great reduction in the 
population of this nematode. Fallow was 
not effective in reducing the population 
of H. indicus probably because the roots 
of some of the graminaceous weeds left 
out in the fallow plots after weeding might 
be helping the nematodes to multiply. 
The number of T. mirzai invariably 
increased on eggplant. The highest increase 
on eggplant was observed in cropping 
sequence 5. The population was greatly 
reduced on barley and pearlmillet. Even 
growing eggplant following these 2 crops 
did not bring about an appreciable in-
crease in the nematode population. Brodie 
et ai. (1969) also reported reduction of 
T. Christie around graminaceous hosts. 
The population again increased when 
gram followed eggplant in the above 
cropping sequences. Fallow also reduced 
the numbers. 
Pearlmillet and maize greatly favoured 
the population build-up of T. filiformis. 
The remaining crops did not favour the 
multiplication of the nematode in various 
sequences, except table-beet followed by 
eggplant in cropping sequence 2. 
T. mirzai is able to build up the popu-
lation around eggplant and T. filiformis 
around pearlmillet and maize. There is 
no published information that these 
nematodes really parasitize these crops. 
Their pathogenecity is being studied. 
Our results in a way confirm the pre-
vious results that no one cropping sequence 
alone can effectively redcuc the popula-
tion of all nematode communities. There 
was some increase in the population of 
H. indicus even in fallow, probably be-
cause the roots of some of the grasses 
left out after weeding the fallow plots 
might be helping the nematodes to multi-
ply. Another interesting finding of our 
study is that garlic can be grown for 
reducing the populations of M. incognita, 
H. indicus, T. mirzai and T. filiformis, 
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E l ' r E C T O F D I F F E R K N l - C R O P P I N G S E Q . U E N C K S O N T H E 
P O P U L A T I O N O F P L A N T P A R A S I T I C N E M A T O D E S 
M. MASHKOOR AI.AM, / , A. SIDDIQ.I, AHRAR M. KUAN and S K S A X 1 : N A 
Dcparinieiii of liniany, Aligarli Muslim University, Aligarh-202001, India 
Tlir population drnsilirs of Ilnplohimvt indicus, Tylenchorhynchus branieai, TUinehui 
filijormis, Mtloidogyne incognita and Trichodorui rnirzai wrrc influenced bv diffcieni cropping 
sequences. Monoculiuies hrouglit ahoul considerablr increase in the population of nemaindes. 
Marigold reduced the population of all the nematodes except // . indicus. ('.nn^iderably lou 
population densities of A/. in^ o^ MiM larvae were observed on garlic, wheat and inustarri, whereas 
that of 7. braiSicat i>\\ potato and tomato ; //. induus on c.thbnge, chilli unti eggphint ; T. mifZiitow 
wheat and T. /ili/ormii on eggplant. 
Mai iag i i io popi l la l ions (if p l an t pai asil ic ntnn i l o d i s in- gi o\\ iiig IHHI-IKISI 
p l a n t s is well cs tabl is lu ' i l • Ons\ i 'n!) i ii\k, 196 ! ; G o t n l . 19b8 . R e c c m U N n s l i a u m 
& F c i i i s ( 1 9 7 3 ; , A lan i «/ ^//. ( I97(), I977i a n d K h a n f / « / . 1976 h a v e p idv i t l r d 
e v i d e n c e s t h a i d i f f i rcnl c i o p p i n o sequences i t c lnced the p o p u l a t i o n o( s ' i n c o f l h c 
n o x i o u s i K i n a t o d e s to .sali-i Icvt Is a n d t h u s r e d u c e d i hc dainaii;e. Wil l i a a d o p t i o n 
of m u l l i p l e c r o p p i n g sys t em, it lias b e c o m e v e i y i n i p o i t a n i to d o fnrthci s tud ies 
on t h e effect of croi)]) ing scqiiet iecs i n v o l v i n g some of t he non-hos t r i o p s , o n t h e 
p la l l t n e m a t o d e s . 
^IATERIALS AND METHOUS 
Six e i o p | ) i n g sys tems ( T a b l e I) e a c h ic ] ) l i (a ted t h i i e e in ,i r a n d o m i s e d 
coini) le te block desiljn w e t e set u p . T h e i n d i v i d u a l beds foi e a c h cr^ p nieasi l ie t l 
20 111'-. U r e a (N @ 11'2 k g d i a , supei p h o s i i h a l e (P @ fifi k g / h a a n d m i n a t e ol 
po ta sh ( K @ 5() ki,'/ha wei e ai)y)lied e v e i y l ime before sowing . W a t e r i n g a n d 
\vee<lino e t c . w e i c dotte w h e n ! i eeessa r \ . Soil samji les lot det<i imi i ing i ieniatot ie 
l )o])ulat ion were t a k e n al h a i v e s l . E a c h s a m p l e cons i s t i ng of 20 c o n s 2 .x 20 c m 
l a n d o m l y co l l ec t ed from e a c h p lo t , was m i x e d t h o r o u g h l y . A 200 g soil s u b -
s a m p l e was processed by us ing O o s i e n b r i n k ' s c l u t i i a t o i a l o n g w i i h inodi l icd 
B a c r m a n n funnels (Sout l iey , 1970) for s e j i a i a t i on of lu iii.itocit b f iom iln soil. '1 In 
n u m b e r of n e m a t o d e s was c m n t e d a n d the po]Ju la t ion w a s c a l e n l a t e d . 
lu 
3 6 M. MASHKOOR ALAM, Z. A. SrDDIQI, ABRAK M. KHAN AND S, K. SAXENA 
RESULTS AND DISCUSSION 
h is clear from the results (Tabli; III iliat tlu- population densities 
(jf ill n ; ia itc)i.le species were influenced by ilifTcrent cropping sequences. 
I'he populaticin of larvae o?Meloidogyne incognita incieaseil nianyfold on eggplant 
in all ihc rot.iiional sequences but the liiijliest incrtrase took place when 
cugp^ani NVAS avowi\ contiiuiuusly fur four i^iowing scaious (sequence 5) . 
Brownlieni]), chilli and tomato also brought about inereiisc in the population of 
root-knot larvae but tn n lesser degree. Marigold for one seasurv after tomato 
shar])ly declined the ])opulation. On garlic, wheat and mustard root-knot 
nematode failed to mnlti|)ly as the final population was nnich below the initial 
level. 
The number of TyUndiorhynchus brassicae increased considerably on 
cabbage. When chilli and eggplant followed cabbage in the subsequent seasons 
there w.is decrease in the jjopulation of nematode. The population of this 
nematode ;igain iiicicascd on must.ud following cggphmt. There was little 
niullilJlication ot i cmatode in rotation sequences witii potato-tomato-cggplant-
cggplant-mustard except in tlte last season when- ihe nematode was able to 
multiply rapidly. Garlic also favotneil tnc multiplicalion of nematode when giown 
in rotation with lomato-marigold-eggplant-eggplani-garlic. 
']"he incriase in the ])()pulation oi Hoplolaimus iiulicus SUer was observed 
on maize, wheat, tomato, brownhemp and marigold when grown in various 
sequences but higher inciease took i)lacc on brownhem]) and marigold. The 
)>i))Milaiiuu of this nematode did nut iucre.ise much in rotation scq\icnccs of 
cabbagc-clulli-eggplanl-eggpliinl-nuislard, egt;i)lant-eggplant-eggplant-eggi)lanl-
tuniaio. In the latUi, ))0))ulation went nuicli below the initial level. 
The popul.ition of Trichodonis mirzai Siddiqi increased on eggplant 
following brownhemjj in ro ta i ionof lomato-biownhemp-eggplant-eggplant-wheat 
and on maize in sequence of wlicat-maizc-eggplant-egg])lat)t-wlieat. There was 
considerable decrease in the population on wheat in both the ab(jvc sequences. 
In all the remaining rotation sequences the po|)ul.ition did n(jt inciease. Moreover, 
this nematode was not detectetl on eggplant following i liilli anil tomato. 
The population of 7>/^nc/(«jyi/(/brmr.f But.selili incicascd on maize only 
in lotation <if wheai-malze-egg|)lant-eggplant-wh(al. Eggjilant reduced the 
population considerably. \Vh( at did not favour the multiplication of thi.<i 
nematode. However, in another lotalion pattern (loma[o-l)iownhcin])-( ggplant-
eggplanl-wheat) the population ol' this nematode Inerea.vcd manifold on wheat. 
This ib probably because iomato-biownhem])-cggplant-i ggjilant one aficr another 
reduced the population of this nematode to a very low level and because of this 
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TABLK I 
Stguentri oj ili^trinl cropping systims 
Cropping sequences/duration 
Sequence Winter 
Ociobcr 70 
April 71 
Caljbage 
(I'ridc of India) 
I'otato 
(555) 
T o m a i o 
(Marglobr j 
Wheat 
(NP-846) 
^:^'f;planl 
(I'usa Purple 
Long) 
T o m a t o 
iMarglobe) 
Monsoon 
April 71 
October 71 
Chilli 
( . \P-46A) 
T o m a t o 
(Marglobe) 
Biownl iemp 
I'iii.i:il) Special) 
Maize 
((Janga-S) 
EgKplaiit 
'I'usa I'urple 
Long) 
Marigold 
(Cracker Jack) 
Winter 
October 71 
April 72 
Eggplant 
(Pusa Purple 
Long) 
i'ggplant 
(Puse Purple 
Long) 
Kggplant 
iPusa Purple 
Long) 
Eggplant 
(Pusa Purple 
Long) 
Eggplant 
(Pusa Purple 
Long) 
Eggplant 
(Pusa Purple 
Long) 
Monsoon 
April 72 
October 72 
Eggplant 
(Pusa I'urple 
Long) 
Eggplant 
(Pusa Piirpl? 
Long) 
Eggplant 
(Pusa I'urple 
Long) 
Eggplant 
(Pusa Purple 
Long) 
Eggplant 
(Pusa Purple 
Long) 
Eggplant 
(Pusa Purple 
Long) 
Winter 
October 72 
April 73 
Mustard 
(RL.18) 
Mustard 
(RL-18) 
Wheat 
(NP-846) 
Wheat 
(NP-846) 
Tomato 
(Marglobe) 
Garlic 
(Local) 
Cabbage, Bfaaica oUracta capilata L. ; potato. Sclanum (ui<rosiim L. ; tomato, Lycofiriicon 
lyiopersicum (L.) Karslcn : wheat, Trilicum aiilivum L. ; eggplant, Solanum mtlengtna L. ; chilli. 
Capsicumfrutisetns L. ; brownhemp, llibisius cannabinus L. ; maize, ^ta mays L. ; marigold, Tagilit 
trtcta L. ; mustard, Urassicajuntia L.) Czern & Coss ; garlic, Allium sativum L. 
low Initial level the Lite oi nuihi|)lic;ition was high on wlieat folltnving eggplant. 
Maiig<il(J bic'Uglii dcavii tlic |)(i)uilati(jn to undetectable level. Garlic favoured 
multiplication of this nematode. 
The results reported herein clearly show that the population of 
nematodes is irifluciucd by diffcicnl ctopping sequences. No single rotation 
Sequence can be recommended fot all the nematodes. Monoculture builds-up 
the i)o|)iil.iti(iii (if nematdcles. Marigold lechiccd the poi^ulation of all the 
nematodes except H. mdtcus and thus maiigold can not be consideted a non-host 
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TABLE II 
F.ffict of difftrenl crcppinf irquencei on the population ol plant piraiilic mmaludrs 
Sequence 
Crops I'eriod 
Neniuiocle |)i)i)ulaiioii,'200 g so'l 
• H o p T r h T y l Mel T r i T U M I S a p 
Initial population 
C a b b a g e O c t . 70.Apr . 71 
Chi l l i Apr , 71-Oci . 71 
EgKplani Oc t . 71-Oci . 72 
M u s i a r d O c t . 72-Apr. 73 
Initial population 
I 'oiaio Oc t . 70-Apr. 71 
Towiuio Apr . 71-Oct . 71 
Kggplani Oc t . 71-Oct . 72 
M u s t a r d O c i . 72.Apv. 73 
Initial population 
Tom; i to Oc t . 70-Apr. 71 
Brownliernp Apr . 71-Oci . 71 
Ksjgpbiii O c t . 7 1 - O C I . 72 
Wlieui O c t . 72-Apr. 73 
Initial population ' 
\Vhe.it O c t . 70-Al)r. 71 
W.n-ix Ajir. 71-Oci . 71 
r.(;<;|.l.ini O C I . 71-Oct . 72 
W h c j i O c i . 72 .Apr . 73 
Intlia! population 
l-.y_m)laiu Oc t . 70 .Apr . 71 
I'tKI'l^'ii Apr . 71-Oci . 71 
I'Bt'nlaMi O c t . 71-Oci . 72 
I 'uiuaiu Oc t . 72-Api . 73 
hiitial population 
TciiMaicj O c t . 70 . . \p r . 71 
Mar igo ld Apr . 71-Oct . 71 
Eggplant Oc t . 71-Oci . 72 
Oarl ic O t i . 72-Apr. 73 
24 
154 
178 
240 
100 
20 
120 
840 
350 
125 
171 
24(1 
1250 
450 
100 
180 
180 
660 
475 
325 
114 
106 
225 
300 
25 
105 
ICO 
1250 
150 
150 
16 
868 
226 
80 
1025 
40 
44 
210 
150 
975 
95 
117 
175 
75 
450 
80 
715 
770 
130 
525 
57 
122 • 
150 
375 
900 
210 
380 
350 
175 
18.50 
24 
12 
18 
•10 
125 
— 
— 
— 
50 
7,-, 
42 
' ,J 
50 
125 
20 
10 
115 
65 
25 
— 
-
— 
— 
21 
15 
15 
— 
125 
6 
24 
520 
2920 
25 
20 
15 
660 
2650 
25 
a 
7t;o 
148(1 
3120 
25 
13 
25 
75 
2!(5 
2'> 
19 
8iio 
8580 
9500 
(,000 
84 
u:io 
20 
750 
125 
6 
36 
30 
— 
100 
5 
15 
9 
— 
75 
19 
36 
40 
125 
25 
10 
25 
no 
130 
50 
19 
16 
50 
7,> 
25 
7 
15 
45 
.'.0 
25 
76 
1094 
972 
3280 
1375 
85 
194 
1719 
3150 
1250 
369 
iiy.-i 
3020 
3^0 
725 
305 
935 
1730 
1095 
950 
209 
1 101 
9005 
10250 
(•)950 
427 
llOO 
1080 
1125 
2275 
1294 
782 
1320 
720 
2100 
108 
154 
1250 
665 
4300 
1195 
164 
1375 
975 
2500 
1480 
8.50 
13(iO 
925 
2400 
1824 
1220 
1475 
1250 
2800 
1491 
930 
1750 
1375 
2625 
'\\o\i—Hoplolaimus indicus Slier. TiU—Tylinc/torh_ynchut braisicae S iddiqi , Tyl — iyitnchus 
pli/onjii! lluisclili, >.lc\~Meloidog_vni incognita (Kofoid & While) CJhiiwood, l a rvae . Tci — Trichtdorus 
ruir^ui .Siililup, 'I 'oial —loial parasi t ic forms a n d S a p — T o t a l snpio/.oic (onus . 
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for H. indicus. Tliesr icsii lts, in a w a y , c n f i r m the findings of Oostcnbi ink (1961) 
and Mai & Lownsbci y i 1952). Gar l i c , wheat and mustard he lp in main ta in ing 
low ]->(i|nilati(in of root-knot iarvar. Considerable reduct ion in populat ion of 
T. brassicae was notccl in potato and tomato , of H. indicus in cabbage-chi l l i -
ccigplaiit, of 7". »i//-^iii in wheat , and of T.filifortnis in eggplant . It is interest ing 
to note that m a n g o l d , otherwise a non-liost crop for most of the nematode 
s])(:cies, favoured the inulti]) l ication o f / / , indicus. 
Tlu-sc studies have been financed, in part, by a grant from the U n i t e d 
States Deparinic i i t of Agricul ture under PL-480 , which is grateful ly acknowledged . 
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EFFECT OF DIFEBRENT CROPPING 3BQUENCE3 OF ORNAMSNTJLL PLANTS ON 
THE POPOUTION OF PIANT-PARA3ITIC NBMATODBS 
M. MASHKDOR AIAM 
Departaiant of Botany, 
Aligarh Muslim Universi ty , Aligarh-202002, India 
Different cropping sequences of ornamental p lants influenced 
'^lenchus indicus , 
tbtis 
fillformi s , Meloldogyne incognita and TrlohocEoruB Blrziai to 
varying e x t e n t . Thus no individiual sequence T*as equal ly e f f i -
cacious against a l l the t e s t nematodes. However, the t o t a l popula-
t i o n of p l a n t - p a r a s i t i c nematodes i n the end of the experiment 
was l e s s than the i n i t i a l population i n a l l the sequences. Mono-
culture of chrysanthemum great ly supported the population of 
Hel, ind icus . 
INTRODUCTION 
Growing ornamental crops has now become a prof i tab le business 
to the Indian farmers, par t i cu lar ly near metropolitan c i t i e s with 
highly developed urban economies where cut f lowers, f lowering 
p l a n t s , e t c . are being used increas ingly for decoration purposes. 
The acreage under these crops i s comparatively l e s s but the cash 
returns are high due to extens ive c u l t i v a t i o n . Mono^culture i s 
a common feature of these crops causing build-up of populations 
of nematode pes t s (Hague, 1972) . I t was, therefore , considered 
des irable t o inves t iga te the e f f e c t of d i f f eren t cropping sequences 
of common ornamental p lants on the population o f p l a n t - p a r a s i t i c 
nematodes natural ly occurring in the Aligarh s o i l s , 
MATERULS & METHODS 
Different cropping systems were s e t up in separate beds 
(10 X 1.5 ra) each repl icated three times and arranged in a random 
manner (Planse & Sukhatme, 1978). The crops used in the present 
study were: balsam (Impatiens balsamina L , ) , chrysanthemum 
- 1 -
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(Chrysanthemum crinatum L . ) . cocks comb (Celosia c r l s t a t a L.)» 
cosmos (Cosmos b l p l n n a t u s Cav . ) . dah l i a (Dahlia p inna ta C a v . ) . 
h o l l i h o c k (Althaea rosea Cav.)» marigold (Tagetes e r e c t a L.)» 
sweet s u l t a n (Centaurea moschata L . ) and t i c k s e e d (Coreopsis 
t i n e t o r l a Nu t t . )» The beds were t r e a t e d wi th urea (©110 kg N/ha) , 
superphosphate (© 55 kg P / h a ) , and murate of po tash (O 55 kg K/ha) 
every time before sowing. Af te rcare such as wa te r ing , weeding, 
e t c , were done when n e c e s s a r y . S o i l popu la t i ons of nematodes 
were determined In the begin lng of the experiment a s wel l a s a f t e r 
the t e r m i n a t i o n of the c r o p s . S o i l samples c o l l e c t e d from 
d i f f e r e n t beds were thoroughly mixed and processed by us ing 
Oos t enb r lnk ' s e l u t r l a t i o n and modified Baermann funnel t echniques 
(Southey, 1986) . The popu la t ions of nematodes were determined by 
count ing t h e i r numbers in each sample, 
RESULTS 
The r e s u l t s , as p resen ted in t a b l e 1, I n d i c a t e v a r i a b l e 
r e a c t i o n s of d i f f e r e n t nematode s p e c i e s t o d i f f e r e n t crops and 
t h e i r sequences . 
Popula t ion of Hoplolalmus Ind lcus Sher e i t h e r remained more 
o r l e s s isame o r dec l ined i n most of the sequences . I t was brought 
down t o unde tec tab le l e v e l when cosmos was grown a f t e r mar igold , 
balsam and ho l l i hock (sequences I I , V, XIX, XXIV), chrysanthemum 
a f t e r cosmos, chrysanthemum, balsam and marigold (VI, XI, XV, XVI), 
dah l i a a f t e r chrysanthemum, cosmos and balsam (VI, IX, X), 
marigold a f t e r cosmos and c o c k ' s comb (VII , XVIII) , c o c k ' s comb 
a f t e r chrysanthemum and marigold (XI I I , XVIII ) , and t i c k s e e d 
a f t e r c o c k ' s comb (XXIII) , By and l a r g e , sequences VI (cosmos-
chrysanthemum-dahlia) , XV (chrysanthemxaa-balsam-chrysanthemim), 
and XVIII (mar igo ld-cock ' s comb-marigold) ware most e f f e c t i v e In 
Inducing the popu la t ion of Hop, Ind lcus (Table 1 ) , 
In case of Hel lco ty lenchus Ind lcus S l d d i q i chrysanthemum 
supported i t s m u l t i p l i c a t i o n In d i f f e r e n t sequences except when 
I t was grown a f t e r marigold and balsam (sequences XII , XV, XVI), 
Monoculture of chrysanthemum brought about h ighes t Increase In 
the popu la t ion of Hel , Indlcus ( X I ) , 
-2-
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Ftotylenchiilus ren l formis Linford & O l i v e i r a f a i l e d to 
m u l t i p l y on the t e s t c rops a s i t s p o p u l a t i o n dec l ined i n a l l the 
sequences (Table 1 ) . 
Tylenchorhynchus b r a s s i c a e S i d d i q i was the predoninant s p e c i e s 
i n the exper imenta l f i e l d . I t was favoured by sweet s u l t a n and 
h o l l i h o c k , while chrysanthemum and cosmos supported i t t o some 
e x t e n t depending upon the cropping sequence (Table 1 ) . 
D i f f e ren t c rops , excep t ing h o l l i h o c k , e i t h e r J u s t maintained 
or reduced the popu la t ions of Tylenchus f i l i f o r m i s B u t s c h l i i n 
d i f f e r e n t cropping sequences . Increase i n the popu l a t i on of 
i» f i l i f o n n i s on h o l l i h o c k was many fo ld (sequences XXI-XXV). 
S i m i l a r l y the s o i l popu la t ions of Meloidogyne i ncogn i t a (Kofoid & 
White) Chitwood and Trichodortus m i r z a i S i d d i q i did no t ge t suppor t 
from the t e s t crops (Table 1 ) , 
DISCUSSION 
Much informat ion i s a v a i l a b l e about nematode problems of 
ornamental crops from abroad (Lownsbery & Thomason, 1959$ Hagi», 
1972), but t h i s a s p e c t i s h ighly neg lec t ed i n I n d i a . Alam e t a l . 
(1978, 1979) have s t u d i e d the hos t s u i t a b i l i t y of c e r t a i n 
ornamental p l a n t s to commonly occu r r i ng nematodes of A l i g a r h . 
The p r e s e n t paper r e p o r t s the e f f i c a c y of d i f f e r e n t cropping 
sequences of ornamental p l a n t s a g a i n s t p l a n t - p a r a s i t i c nematodes 
of t h i s a r e a . The popu la t i on of d i f f e r e n t nematodes was 
inf luenced by d i f f e r e n t cropping sequences t o va ry ing e x t e n t . 
In case of Hop, i nd icus chrysanthemum, d a h l i a , marigold and 
Cock's comb, bes ides many o t h e r c r o p s , reduced i t s p o p u l a t i o n t o 
g r e a t e x t e n t , This i s unders tandable a s these p l a n t s a r e known 
to be poor hos t s of Hop, indicxis (Alam e t al_., 1978) . ChiTrsanthemum 
supported high popu la t ions of Hel . i nd icus i n v a r i o u s cropping 
sequences except when grown a f t e r mar igold and balseua. Cbrysanthemum 
has been repor ted t o be a good hos t of Hel . i nd i cus (Alam e t a l . . 
1978) . In case of ^ . b r a s s i c a e the popu l a t i on was suppor ted by 
ho l l i hock , sweet s u l t a n and chrysanthemum i n d i f f e r e n t cropping 
sequences . Alam e t a l . . (1979) have l i s t e d these p l a n t s as good 
- 3 -
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lABLE 1 
Effect of di f ferent cropping sequences on the population of 
p l a n t - p a r a s i t i c nematodes. 
S.N. 
I 
I I 
I I I 
IV 
V 
VI 
V I I 
VII I 
DC 
Crop 
I n i t i a l pop . 
aweet s u l t a n 
Chrysanthemum 
Cosmos 
I n i t i a l pop. 
iJweet s u l t a n 
Marigold 
Cosmos 
I n i t i a l pop. 
Sweet s u l t a n 
Cock's comb 
Cosmos 
I n i t i a l pop . 
Sweet s u l t a n 
Cosmos 
Cosmos 
I n i t i a l pop . 
Sweet s u l t a n 
Balsam 
Cosmos 
I n i t i a l 
Cosmos 
pop . 
Chrysanthemum 
Dahlia 
I n i t i a l 
Cosmos 
pop. 
Marigold 
Dahlia 
I n i t i a l 
Cosmos 
pop. 
Cock's comb 
Dahlia 
I n i t i a l 
Cosmos 
Cosmos 
Dahlia 
pop. 
Hop 
80 
20 
hO 
AO 
80 
20 
AO 
— 
80 
20 
AO 
40 
80 
20 
80 
40 
80 
20 
40 
— 
80 
60 
-
— 
80 
60 
-
40 
80 
60 
20 
80 
80 
60 
40 
— 
Nematode p o p u l a t i 
Hel 
40 
40 
140 
— 
40 
40 
120 
— 
40 
40 
120 
40 
40 
40 
80 
20 
40 
40 
40 
80 
40 
60 
180 
— 
40 
60 
40 
— 
40 
60 
40 
-• 
40 
60 
80 
40 
Rot 
80 
40 
-
— 
80 
40 
— 
— 
80 
40 
-
— 
80 
40 
-
— 
80 
40 
40 
40 
80 
— 
40 
— 
80 
— 
40 
— 
80 
-
— 
40 
80 
— 
-
40 
Trh 
380 
400 
120 
120 
380 
400 
160 
80 
380 
400 
80 
80 
380 
400 
320 
80 
380 
400 
160 
80 
380 
180 
440 
160 
360 
180 
40 
80 
380 
180 
280 
300 
380 
180 
320 
180 
Tyl 
80 
80 
160 
80 
80 
80 
~ 
40 
80 
80 
40 
40 
80 
80 
80 
40 
80 
80 
40 
40 
80 
~ 
— 
80 
80 
~ 
-
~ 
80 
~ 
80 
40 
80 
~ 
80 
40 
on/200g s o i l 
Mel 
120 
60 
, 
— 
120 
60 
-
— 
120 
60 
220 
— 
120 
60 
-
— 
120 
60 
120 
20 
120 
-
40 
— 
120 
— 
-
— 
120 
-
80 
— 
120 
— 
40 
— 
T r i 
80 
— 
40 
— 
80 
-
— 
40 
80 
— 
-
— 
80 
-
-
— 
80 
— 
— 
— 
80 
— 
80 
120 
80 
-
-
40 
80 
-
-
40 
80 
— 
40 
— 
Tota l 
860a 
640b 
500c 
240d 
860a 
640b 
320c 
I60d 
860a 
640b 
500c 
200d 
860a 
640b 
560b 
180c 
860a 
640b 
440c 
260d 
860a 
300b 
780c 
360b 
860a 
300b 
120c 
l60c 
860a 
500b 
500c 
500c 
860a 
300b 
600c 
300b 
Sap 
820 
460 
380 
200 
820 
460 
280 
200 
820 
460 
360 
320 
820 
460 
280 
960 
820 
460 
200 
360 
820 
240 
880 
600 
820 
240 
400 
200 
820 
240 
240 
980 
820 
240 
400 
240 
C o n t d . . . 
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TABLE 1 (Contd.) 
S N 
X 
XI 
XII 
XIII 
XIV 
XV 
XVI 
XVII 
XVIII 
Crop 
I n i t i a l pop . 
Cosmos 
Balsam 
Dahl ia 
I n i t i a l pop. 
Chrysanthemum 
Chrysanthemum 
Chrysanthemum 
I n i t i a l pop , 
Chrysanthemian 
Marigold 
Chrysanthemum 
I n i t i a l pop, 
Ghrysantnemum 
Cock's comb 
Chrysanthemum 
I n i t i a l pop . 
Chrysanthemum 
Cosmos 
Chrysanthemum 
I n i t i a l POP. 
Chrysanthemum 
Balsam 
Chrysanthemum 
I n i t i a l pop . 
Marigold 
Chrysanthemum 
Marigold 
I n i t i a l pop. 
Marigold 
Marigold 
Marigold 
: I n i t i a l pop. 
Maricold 
Cocke's comb 
Marigold 
Hop 
80 
60 
20 
80 
AO 
AO 
80 
AO 
AO 
80 
40 
AO 
80 
AO 
80 
80 
80 
AO 
80 
80 
80 
80 
80 
AO 
20 
80 
80 
Nematode popula t i i 
Hel 
AO 
60 
180 
AO 
160 
1A0 
2A0 
AO 
160 
AO 
160 
120 
120 
AO 
160 
80 
2A0 
AO 
160 
AO 
AO 
AO 
AO 
AO 
AO 
AO 
AO 
AO 
AO 
AO 
Rot 
80 
AO 
80 
20 
80 
80 
AO 
80 
80 
60 
80 
80 
80 
Trh 
380 
180 
200 
lAO 
380 
360 
2A0 
200 
380 
360 
80 
360 
380 
360 
200 
2A0 
380 
360 
120 
80 
380 
360 
AO 
l A O 
380 
120 
4A0 
200 
380 
120 
180 
200 
380 
120 
80 
100 
Tyl 
80 
80 
80 
AO 
AO 
80 
AO 
AO 
AO 
80 
AO 
AO 
AO 
80 
AO 
40 
80 
80 
AO 
AO 
AO 
80 
20 
AO 
80 
20 
20 
20 
80 
20 
60 
on/200g so 
Mel 
120 
120 
AO 
120 
AO 
120 
AO 
AO 
120 
AO 
120 
AO 
AO 
120 
120 
120 
Tri 
80 
20 
80 
80 
60 
80 
AO 
80 
80 
120 
80 
80 
160 
80 
80 
AO 
i l 
T o t a l 
860a 
300b 
500c 
180d 
860a 
6iiOb 
380c 
5A0d 
860a 
6A0b 
120c 
500d 
860a 
6A0b 
A80c 
AAOc 
860a 
6A0b 
AOOc 
600b 
860a 
6A0b 
I60c 
280d 
860a 
260b 
680c 
280b 
860a 
260b 
280b 
280b 
860a 
260b 
120c 
I60c 
Contd 
Sap 
820 
2A0 
360 
160 
820 
280 
160 
320 
820 
280 
360 
880 
820 
280 
280 
360 
820 
280 
320 
360 
820 
280 
AOO 
280 
820 
420 
980 
600 
820 
420 
560 
240 
820 
420 
320 
480 
' • • • 
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TABLE 1 (Gontd.) 
S.N. 
XDC 
XX 
XXI 
XXII 
XXII I 
XXIV 
XXV 
Crop 
I n i t i a l p o p . 
Mar igo ld 
Cosmos 
M a r i g o l d 
I n i t i a l p o p . 
Mar igo ld 
Balsam 
M a r i g o l d 
I n i t i a l p o p . 
H o l l i h o c k 
Chrysanthemvmi 
T i c k s e e d 
I n i t i a l p o p . 
H o l l i h o c k 
Mar igo ld 
T i c k s e e d 
I n i t i a l p o p . 
H o l l i h o c k 
C o c k ' s comb 
T i c k s e e d 
I n i t i a l p o p . 
H o l l i h o c k 
Cosmos 
T i c k s e e d 
I n i t i a l p o p . 
H o l l i h o c k 
Balsam 
T i c k s e e d 
Hop 
80 
80 
AO 
80 
80 
AO 
80 
80 
80 
UO 
AO 
80 
80 
AO 
80 
80 
80 
80 
80 
AO 
80 
80 
80 
AO 
Nematode p o p u l a t i o n / 2 0 0 g s o i l 
Hel 
AO 
AO 
AO 
AO 
AO 
80 
1A0 
AO 
80 
160 
AO 
80 
AO 
AO 
80 
AO 
AO 
80 
120 
AO 
Rot 
80 
80 
AO 
80 
AO 
80 
80 
AO 
80 
80 
80 
Trh 
380 
120 
360 
2A0 
380 
120 
AO 
160 
380 
520 
80 
120 
380 
520 
AO 
280 
380 
520 
80 
AO 
380 
520 
180 
120 
380 
520 
80 
80 
Tyl 
80 
20 
AO 
80 
20 
20 
80 
320 
AO 
AO 
80 
320 
80 
AO 
80 
320 
AO 
80 
320 
AO 
120 
80 
320 
AO 
AO 
Mel 
120 
AO 
120 
120 
80 
120 
80 
120 
80 
120 
80 
120 
80 
T r i 
80 
AO 
20 
80 
80 
80 
AO 
AO 
80 
AO 
80 
AO 
80 
AO 
T o t a l 
860a 
260b 
560c 
3A0b 
860a 
260b 
1200 
260b 
860a 
1080b 
300c 
200d 
860a 
1080b 
360c 
AOOc 
860a 
1080b 
2A0c 
80d 
860a 
1080b 
260c 
320c 
860a 
1080b 
360c 
200d 
Sap 
820 
A20 
320 
A80 
820 
420 
360 
120 
820 
8A0 
360 
160 
820 
8A0 
2A0 
720 
820 
8A0 
6A0 
200 
820 
8A0 
2A0 
2A0 
820 
8A0 
AOO 
2A0 
Each value is an average of 3 r e p l i c a t e s . 
With t o t a l population of p a r a s i t i c nematodes, figures for a cropping 
sequence follovred by the same l e t t e r do not d i f fe r s ign i f i can t ly a t 
£•0 .05 . 
Hop = Hoplolaimus indicus . Hel « Helicotvlenchxis indlcus. 
Rot * Rotylenchultis re nl form i s , Trh • Tyle nc hor hync hus brass icae . 
Tyl = Tvlenchus f i l i fo rmis . Mel » Meloidogyne incognita larvae, 
Tri = Trichodorus mirzai . Total « Total p a r a s i t i c . Sap « Total 
sa pro zo ic . 
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t o moderate hos ts of T. b r a s s i c a e . The popu la t ion behaviour of 
o t h e r nematodes (T. f l l l f o r m i s . M. i n c o g n i t a . T. m i r z a i ) d id not 
show any c l e a r t r e n d . 
The l i t e r a t u r e survey r evea l s t h a t t h i s type of work has 
no t been c a r r i e d out so f a r in I n d i a . Therefore comprehensive 
s t u d i e s a re needed for g e t t i n g more i n fo rma t ion . The p r e s e n t work, 
n e v e r t h e l e s s , may be of use for under s t and ing popu la t i on behaviour 
of p l a n t - p a r a s i t i c nematodes under v a r i o u s cropping sequences of 
ornamental p l a n t s , and for evolv ing s u i t a b l e management s t r a t e g y 
for nematodes a s s o c i a t e d with these c r o p s . 
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Effect of preceding crop on the population-
growth pattern of Meloldogyne incognita 
and Tylenchorhynchus brassicae 
on chickpea cv R S 6 
The selection and the sequence of crops 
Is of prime importance for embarking upon 
various cropping programs for the 
management of plant parasitic nematodes. 
This is because the nematode populations 
are not only influenced by the particular 
crop but also by the preceding crops. In 
case of chickpea, little information is 
available about its reaction to 
plant-parasitic nematodes in relation to 
the preceding crop. Hence the present 
studies were undertaken to evaluate the 
suitability of growing some crops prior 
to chickpea. Some of the crops included 
in the present study are grown by the 
local farmers preceding the chickpea 
crop. 
A field heavily infested with the 
root-knot nematode, Heloidogyne 
incognita, (Kofoid & White) Chitvood, and 
thestunt nematode, Tylenchorhynchus 
brassicae Siddiqi, was selected. (The 
numbers of other species remained very 
low throughout the study). After a 
thorough preparation, the experimental 
plot was divided into beds of 4 m'' 
leaving 0.5-m-vide buffer zone between 
them. Different crops, namely, eggplant 
(Solanum melongena L.) cv Pusa Purple 
Long, okra (Abelmoschus esculentus 
Moench) cv Pusa Sawani, green gram 
(Phaseolus aureus Roxb.) cv Local, 
cluster bean (Cyamopsis tetragonoloba 
Taub.) cv Local, kochia (KocHIa scoparia 
Schrad.) cv Local, and zinnia~TZinnia 
elegans Jacq.) cv Brightness were 
established in randomly-situated beds (5 
replicates). Some beds were left fallow, 
however, they were not free from weeds. 
After harvesting these crops, the beds 
were again prepared and chickpea (Cicer 
arietinum L.) cv RS 6 was grown in alT 
the beds. Inorganic fertilizers were 
applied at following rates in the 
crop. Urea at 110 kg N -
superphosphate at 55 kg P ha7 
muriate of potash at 55 kg K ha 
the dose was given to chickpea 
normal cultivation practices 
first 
ha , 
and 
Half 
Other 
were also 
observed throughout the experiment. Soil 
populations of nematodes (mature stages 
and larvae of T. brassicae and larvae of 
M. incognitay were determined prior to 
tTJe sowing of chickpea (initial 
population. Pi) and also after its 
harvest (final population, Pf) by using 
Cobb's sieving and decanting method along 
with modified Baermann funnel technique 
(Southey 1970). Reproduction factor (R) 
was calculated by the formula: 
R - Pf/Pi. 
Results presented in Table 1 clearly 
show that the population-growth pattern 
in both the test species of nematodes was 
greatly influenced by the preceding crop. 
Though chickpea allowed free 
multiplication of both the nematodes, as 
evident from the reproduction factor, yet 
some preceding crops adversely affected 
their multiplication. For example, 
cluster bean, kochia, and fallow were 
less favorable to M^ incognita and 
zinnia, green gram and eggplant to T^ 
brassicae. Kochia is a known poor host 
lor IT incognita (Alam et al. 1979). 
The aEove crops can be recommended for 
inclusion in various cropping sequences 
prior to chickpea for the management of 
the respective nematode species. Growing 
eggplant, okra, and green gram prior to 
chickpea greatly enhanced the population 
buildup of M^ incognita while okra, 
cluster bean, and kochia were favorable 
to T^ brassicae. Excepting cluster 
bean, all these crops have been listed as 
ICN 14, Jun 19B6 33 
Table 1. Effect of preceding crop on the 
multiplication rate (reproduction factor) 
of plant parasitic nematodes on chickpea 
cv RS 6. 
Multiplication rate 
(reproduction factor) 
Preceding crops T.brassicae H.incogni ta 
13G 
Alam, M.M., Saxena, S.K., and Khan, A.M. 
1979. Pages 630-63A i_n Recent researches 
in plant sciences. (Bir, S.S. ed). New 
Delhi: Kalyani Publications. 
Southey, J.F. 1970. Laboratory methods 
for work with plant and soil nematodes. 
Technical Bulletin No.2. London: Min. 
Agr. Fish. Food, H.M.S.O. U 8 pp. 
Eggplant 2.A8 
Okra 7.20 
Green gram 2.13 
Cluster bean 7.33 
Kochia 5.00 
Zinnia 2.00 
Fallov (veeds) 3.02 
99 
00 
00 
01 
08 
00 
81 
good hosts to these nematodes (Alam et 
al. 1979). Therefore, they are 
unsuitable as preceding crops to chickpea 
in fields vl^ ere these nematode species 
are serious pests. 
It is veil known that plant 
grovth/yicld of susceptible hosts are 
negatively correlated to the initial 
inoculum of nematodes. Thus in the 
present case the residual densities from 
the preceding crops ought to have direct 
bearing on the yield of chickpea. Though 
we could not take the data of crop yield, 
in all probability the yield of chickpea 
should be less when grown after 
susceptible crops, which would have left 
more inoculum of the nematodes. The 
reverse should be true in the case of 
nonsusceptible/unsuitable preceding 
crops. 
Contrary to earlier reports the 
fallowing in the preceding season did not 
check the population development of the 
test nematodes on chickpea. It might 
have been because the weeds, which were 
not eliminated during fallowing, 
supported the multiplication of 
nematodes. 
M. Kashkoor Alan and S.K.. Saxena 
(Department of Botany, Aligarh Muslim 
University, Aligarh 202 001, Uttar 
Pradesh, India) 
ICN U , Jun 1986 
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POPULATION DYNAMICS OF NEMATODES. I. SOIL POPULATION OF 
TYLENCHORHYNCHUS BRASSICAE IN RELATION TO CROPPING 
S. K. SAXENA, M. MASHKOOR ALAM AND ABRAR M. KHAN 
DEPARTMENT OF BOTANY, ALIGABH MUSLIM UNIVERSITY, ALIGARH 
Population changes of Tylenchorhynchus brassicae in field plots with varying initial popu-
lations as a result of growing different crops has been studied. Cauliflower, cabbage 
and turnip caused greater increase in the population of nematodes than radish, tomato 
and marigold. Fallow considerably reduced the population of nematode. When radish, 
tomato and marigold were grown at varying initial populations the final population 
tended to rise at low pre-plant densities, whereas at higher pre-plant densities reduction 
in population was observed. The final population tended to remain constant at all the 
higher pre-plant densities in marigold. 
Control of plant nematodes aim to reduce the population of nematodes to 
a level in which the crop damage becomes insignificant. The principal factors 
influencing population changes in nematodes are host, soil, season and enemies. 
In the present studies the eflect of first of these factors has been determined on the 
population of Tylenchorhynchus brassicae Siddiqi, which has recently been found 
associated with decline of cauliflower and cabbage at Aligarh (Siddiqui, 1969). 
Field plots having population of T. brassicae ranging from 20 to 1535 per 
200 g soil, were selected for the study. Turn ip {Brassica rapa L.), radish {Raphanus 
satimis L.), tomato [Lycopersicon lycopersicum (L.) Kars tan . ) , cabbage {Brassica 
oleracea capitata L.), cauliflower {Brassica oleracea botrytis L.) and marigold {Tagetes 
erecta L.) were grown in these plots and one plot was left fallow. Necessary 
agronomic practices were performed. The final population of the nematode was 
determined with the help of Oostenbrink's elutriator along with modified Baerman 
funnel techniques (Southey, 1970) after 90 days of sowing the seeds or transplanta-
tion of seedlings. 
T h e relationship between initial and final populations of the nematode is 
given in Table 1. There was considerable increase in the final population in cabbage, 
cauliflower, radish and turnip irrespective of the initial population upto a certain 
limit; with further increase in the initial population the final population decreased. 
132 
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TABLE 1. Relationship between initial and final populations of Tylenchorhynchus brassicae 
in plots with six different crops. 
Crops/Variety 
Nematode population/200 g soil Increase 
Initial 
(Pi) 
120 
200 
320 
505 
800 
1000 
1520 
180 
220 
390 
1000 
1140 
1535 
20 
40 
80 
100 
180 
220 
60 
320 
340 
360 
660 
40 
60 
80 
140 
160 
220 
260 
60 
80 
100 
120 
200 
20 
40 
80 
140 
220 
240 
280 
400 
Final 
(PO 
140 
300 
400 
1140 
2300 
6839 
2900 
360 
520 
4130 
8166 
4130 
4250 
60 
180 
485 
600 
460 
480 
220 
440 
480 
460 
260 
80 
160 
180 
240 
240 
60 
40 
55 
80 
60 
40 
40 
60 
180 
60 
100 
160 
180 
20 
140 
Linear 
(Pf-Pi) 
20 
100 
80 
635 
1500 
5839 
1380 
180 
300 
3740 
7166 
2990 
2715 
40 
140 
405 
500 
280 
260 
160 
120 
140 
100 
-400 
40 
120 
100 
100 
80 
-160 
-220 
-5 
0 
-40 
-80 
-IbO 
40 
140 
-20 
-40 
-60 
-60 
-260 
-260 
Geometric 
(Pf/Pi) 
1-16 
1-50 
1-25 
2-40 
2-88 
6-80 
1-91 
2-00 
2-27 
1005 
8-17 
3-60 
2-60 
300 
4-50 
6-06 
6-00 
2-50 
218 
3-60 
1-40 
1-40 
1-30 
0-49 
2-00 
2-60 
2-20 
1-50 
1-50 
0-27 
0-16 
0-90 
100 
0-60 
030 
020 
300 
4-50 
0-76 
0-71 
0-72 
0-77 
002 
0-35 
Cabbage (Pride of India) 
Cauliflower (Snow Ball) 
Turn ip (Red Ball) 
Radish (Kannoji White) 
T o m a t o (Marglobe) 
Marigold (Cracker Jack) 
Fallow 
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This kind of relationship indicates that the population of nematodes increased as 
long as the crop remained healthy. As soon as plants are damaged the popula-
tion declined. 
In tomato and marigold, even low pre-plant densities caused increase in 
the final population of the nematode. At moderately high and high pre-plant 
densities the final population was greatly reduced, in the latter the final population 
was brought down to a "ceiling level" where further rise in population did not 
cause increase in the final population of nematodes. 
Fallow reduced the population of the nematode considerably but the figures 
for the final population were quite variable probably because some of the weeds 
might have supported the multiplication of nematodes. 
It is clear from the foregoing account that population increase 
is related to host efficiency. Cabbage, cauliflower and turnip caused greater 
increase in the population and can be rated as "good or efficient" hosts. O n the 
other hand , radish, tomato and marigold brought the final population even much 
below the initial level. At all the higher pre-plant densities in marigold the final 
population was brought to a constant level i.e. a "ceiling level". These plants 
can thus be ra ted as " p o o r " hosts and can be recommended to farmers for use in 
rotational programmes. Jones (1956), Seinhorst (1965) and Oostenbrink (1966) 
also reported that on the basis of reproduction rates of nematodes the plants can 
be rated as hosts or non-hosts. 
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Seasonal Fluctuation of Plant Parasitic Nematodes Associated with Two 
Medicinal Plants 
Mansoor A. Siddiqui & M. Mashkoor Alam 
Department of Botany, Aligatfa Muslim Univenity, Aligarh-202 002. 
( A c o e ^ September 19(7) 
Kt; Wordi - lonucoc* Moiiture Nematode Population Root 
Tbe number of parasitic nematodes per plant lias direct 
bearing on the extent of damage caused by them. 
Determination of population size and population 
behaviour pattern is most important for predicting tbe 
ensuing plant damage. Therefore, the present 
Investigation was undertaken with a view to study the 
seasonal fluctuation of parasitic nematodes associated 
with two perennial medicinal plants. 
Soil samples were collected at monthly interval from 
January through December, 1986 from two medicinal 
plants, lemon grass (Cymbopogoa flexuosut (Steud.) 
Wats.) and pomegranatk/ " Gulnar farsi" (funica 
granatum L.) grown In experimental plots at the 
Botanical garden of the University. The soil type 
Month 
sandy loam with a pH of 8.4. In each case soil samples 
were collected from six plants randomly situated hi the 
field. Individual soil samples comprised ten core? 
(2x20cm) from the feeder root zone. A thoroughly mixed 
represenUtive soil sub-sample of 200 g was processed 
using Cobb's sieving and decanting technique along with 
Baermann funnels (Southey, 1970) and nematodes 
present In the suspension were counted. Soil moisture 
(per cent) and temperature were noted at the time of each 
sampling. 
Populations of Xylenehorhynchus brassicae and 
TyUnehubusemlptiutraiuyitn high in lemon grass. But 
populations of Hoplolaimus indicus, HeUcotylenchus 
indieus and Hemiericonemoides mangiferae remained low 
Table 1 Seasonal Fluctuation in the Population of Nematodes Around Lemon Grass 
PopglatioD at plant parasitic neinatodei/200 g soil 
Soil Soil 
moisture temperature 
% (C) Hop Hel .Tih Tyl Tys Hem Total Sap 
January 
Febiuaiy 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
CD. (P=0.05 ) 
CX>. (P=0.01) 
18.8 
15.3 
20.4 
9.6 
7.0 
0.9 
16.0 
18.0 
15.2 
6.0 
11.4 
17.0 
17 
21 
24 
28 
35 
41 
36 
33 
30 
27 
22 
18 
27 
120 
170 
180 
210 
50 
160 
120 
140 
20 
190 
80 
46 
160 
150 
140 
120 
80 
20 
20 
20 
30 
170 
70 
230 
230 
300 
310 
250 
lOG 
130 
247 
200 
228 
150 
100 
40 
160 
180 
170 
150 
20 
no 
40 
160 
110 
. 
150 
273 
280 
310 
250 
190 
210 
220 
387 
467 
260 
330 
140 
30 
150 
155 
200 
100 
-
-
-
140 
228 
. 
-
646 
1100 
1265 
1250 
1020 
460 
640 
814 
1127 
876 
840 
540 
46.04 
62.58 
400 
410 
400 
450 
320 
250 
410 
280 
700 
832 
245 
285 
Each value ii an aveiage of tia lepBcitef 
Hop «i Hopltlaimin imtiau, 
Tyl= TyUmduaja^frnmU, 
Total = Total parasitic. 
Hel ^tlifotybmcluu imlieus, 
Tyt = TyUmehdm ttimptnetraiu. 
Sap = Tccal saprozoic 
Tifa = TyUiichorlijmduu brassicat. 
Hem = HuMcricoiMmoiii** imugjfcnu. 
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Table 2 Seasonal Fluctuation in the Population of Nematodes Around Pomegranate 
Monlh 
January 
February 
March 
April 
May 
5une 
July 
August 
September 
October 
November 
December 
C D . (P=0.05) 
C D . (P=0.05) 
Each value is an 
SoiJ 
moisture 
% 
22.4 
19.0 
16.5 
4.3 
II.5 
2.5 
12.0 
17.2 
24.0 
10.0 
5.4 
22.0 
1 average of six rcpl 
Hop = Hoplolaimus iruiicus, 
Tyl = Tylenchu •filiformis. 
Toul = Toul parasitic, 
•" "ssir 
tcmpcrau. 
(-C) 
17 
21 
24 
28 
35 
4\ 
36 
33 
30 
27 
22 
18 
icales 
Hel = 
Tys = 
Sap = 
ire 
Hop 
20 
180 
170 
110 
20 
120 
153 
140 
160 
50 
90 
Population of 
Hel 
130 
140 
200 
210 
150 
80 
40 
170 
160 
132 
190 
70 
1 lelicotylenchus indict 
Trh 
90 
200 
210 
260 
120 
50 
60 
180 
220 
180 
130 
55 
ts, 
Tylenchulus semipentlrans, 
Total saprozoic 
plant parasitic 
Tyl 
280 
400 
430 
350 
390 
\ 30 
195 
230 
520 
260 
160 
80 
Trh = 
Xip = 
ncmalodes/200 g soil 
Tys 
100 
220 
250 
230 
160 
30 
125 
20 
140 
228 
50 
180 
Xip 
140 
250 
270 
230 
180 
UO 
145 
80 
150 
-
130 
130 
Toul 
760 
1210 
1540 
1450 
1110 
490 
685 
833 
1330 
960 
710 
605 
53,72 
73.01 
Tylenchorhynchus brassicae. 
Xiphinema basiri, 
Sap 
260 
250 
300 
140 
300 
210 
400 
100 
940 
270 
390 
250 
(Table 1). In case of pomegranate, populations of 
Tylenchusfiliformis and Tylenchulus semipenetrans were 
high while that of Hoplolaimus indicus, Helicotylenchus 
iruiicus and Xiphinema basir i remained moderate (Table 
2). 
The data revealed high population build-up of plant 
parasitic nematodes from February to May and again In 
September around the plants. The population declined 
from June to August and then from October to December 
(Tables 1-2). 
The soil moisture was high from February to May and 
again In September whik it was low from June to August. 
Thus a definite correlation existed between nematode 
population and soil moisture content. The population of 
different nematode species was more at higher soil 
moisture levels w hereas it declined during dry condition, 
probably due to de.siccation or m igration of nematodes to 
deep Into the soil (Khan et al., 1971). The drought 
conditions prevalent during June and July were largely 
Influenced in their turn by continuous high temperatures 
(41 and 36''C respectively). But low temperatures in 
November, December and January also had adverse 
effect on nematode populations. Thus the fluctuation of 
nematode densities might have been due to the direct 
effect of soil moisture and temperature or their 
combination, agreeing with the results of Das (1970), 
Khan etaL (1971), and Saeed & Ghaffar (1986). 
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Growing mustard and rocket-salad alone or along with wheat and barley inhibited the population build-up of 
phyto-parasitic nematodes. However, these oil-crops did not improve the yield of wheat and barley. Higher con-
centrations of Toot-exudates from mustard and rocket-salad were highly toxic for the survival of Hoplolaimus 
indicus, Helicotylenchus indkus, Rotylenchulus reniformis, Tylenchorhynchus brassicae, Tylenchus filiformis and 
larvae of MeloUhgyne incognita: these were also good inhibitors for the larval entergence from the eggs of M. 
incognita. The root-exudates of rocket-salad were more effective than those of mustard. The increase in mortality 
was directly correlated with the increase in concentration of exudates and exposure time. The inhibition in hatching 
was also increased with an increase in concentration. 
Keyirords: Mustard and rocket salad with wheat and bailey—interculture; Root-exudates from mustard and 
rocket salad; Brassica Nigra (L) Koch; Triticum spp; Hordem sativum Jessen; Nematode control. 
Studies on the Role of Root-Exudates for Nematode 
Control by the Interculture of Mustard and 
Rocket-Salad with Wheat and Barley 
By M. MASHKOOR ALAM, M. RIAZ KIRMANI AND 
ABRAR M. KHAN, 
Section of Plant Pathology & Nematology, 
Department of Botany, 
Aligarh Muslim University, Aligarh, U.P. 
Introduction 
In India, growing mustard (Brassica campestris L.) and 
rocket-salad {Eruca sativa Mill.) in between the rows of 
wheat and barley has been practised by farmers from time 
immemorial without exactly knowing its significance. 
Hence, during the present investigation, an attempt was 
made to work out whether this age-old practice has any 
bearing on nematode population and whether the root-
exudates of mustard and rocket-salad have any role in it. 
Experimental 
A field having moderate populations of plant parasitic 
nematodes was thoroughly ploughed and was divided into 
small beds measuring 10 m* leaving a 0.5 m buffer zone 
between them. These were provided with separate water 
channels. The beds were treated with urea (100 lb N/acre), 
superphosphate (50 lb P/acre) and murate of potash (50 lb 
K/acre). In these beds, wheat (cv. HD-1982) and barley 
(cv. BG-49) were sown along with two local cultivars of 
oil-crops, viz. mustard and rocket-salad, in between the 
rows. In control beds, these crops were sown separately. 
Each treatment was replicated thrice, which were arranged 
in a randomized maimer. Judicious watering, weeding 
and other cultivation practices were done during the ex-
periment which lasted about 5J months. The total yield 
of wheat and barley was determined. Nematode popu-
lations were determined with the help of Oostenbrink's 
elutriator along with modified Baerman funnel techni-
ques,^ from representative soil samples from each bed 
both at the time of sowing and harvesting of crops. 
The standard solutions (S) of root-exudates were pre-
pared by dipping root systems of 20 four-week old plants 
of mustard or rocket-salad in 100 ml distilled water for 7 
days.* Thereafter, the plants were taken out and the re-
maining water was made up to 100 ml by adding the 
required amount of distilled water. Several dilutions, viz. 
S/2, S/10, S/100 and S/1000, were prepared from these 
standard solutions. For mortality experiments, separate 
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suspensions (5 ml each) of hand-picked* nematodes con-
taining about 500 specimens oi Hoplolaimus indicus (Sher, 
1963), Helicotylenchus indicus (Siddiqi, 1963), Rotylen-
chulus reniformis (Linford & Oliveira, 1940), Tylenchor-
hynchus brassicae (Siddiqi, 1961), Tylenchus filiformis 
(Butschli, 1873) and Meloidogyne incognita (Kofoid & 
White, 1919,- Chitwood, 1949) were poured over 1 cm 
diameter copper sieve* with 350 meshes/linear inch. The 
sieve was then inverted over a petri dish (40 mm diam.) 
and the nematodes washed down with 10 ml of root-
exudates; the inverted sieve was then immersed in the 
exudates to dislodge the remaining nematode specimens, 
if any. This operation was repeated for each concentra-
tion of root-exudates. The number of living and dead 
nematodes were counted after 12, 24 and 48 hours, and 
per cent mortality was calculated. The deathof nematodes 
was ascertained by transferring them to plain water. For 
hatching experiments, 5 average-sized and freshly picked 
eggmasses of M. incognita were transferred to 40 mm 
petri dishes containing 10 ml of different dilutions. The 
total number of hatched larvae were counted after 5 days. 
Distilled water only served as control. Each treatment 
was replicated thrice. 
Results and Discussion 
A perusal of results (Table 1) reveals that growing 
mustard and rocket-salad reduced the population of plant 
parasitic nematodes such as Hoplolaimus indicus, Rotylen-
chulus reniformis, Tylenchorhynchus brassicae, Tylenchus 
filiformis, Aphelenchus avenae, Trichodorus mirzai and 
Longidorus brevicaudatus. The initial total population of 
parasitic forms was 520/200 g soil; it was significantly 
reduced to lid and 300 respectively when mustard and 
rocket-salad were grown. Both these crops, when inter-
mixed with wheat, also inhibited the population. In the 
beds having wheat along with mustard- and rocket-salad, 
the population of parasitic nematodes was 400 and 300 
as against 800 in those having wheat alone, thus showing 
that these nematode species multiplied freely on wheat 
and that mixed cropping with mustard or rocket-salad 
inhibited themsignificantly.In case of barley too,theinter-
culture with mustard or rocket-salad retarded the popu-
lation build-up of parasitic nematodes as compared to 
barley alone. However, they failed to suppress it below 
the initial level. It appears, therefore, that barley was a 
more favourable host than wheat. 
The yield of wheat and barley remained unaflFected 
when grown along with mustard or rocket-salad (Table 1). 
Since the cultivation of mustard or rocket-salad reduced 
the phyto-parasitic nematodes significantly, the yield of 
wheat and barley should have increased; the failure in 
the increase of yield, therefore, appears to be due to the 
sharing of soil nutrients by two crops growing simulta-
neously in the same bed. Although mixed cropping with 
mustard or rocket-salad did not apparently improve the 
yield of wheat and barley, the yield of mustard and rocket-
salad from the same bed is an additional benefit as both 
of these are economically important oil-crops. 
The results of experiments on the effect of root-exu-
dates of mustard and rocket salad on the morality and 
hatching of nematodes are given in Table 2. No nema-
todes were killed in distilled water control. So was the 
case with the S/1000 concentration of root-exudates. In 
the case of mustard root-exudate S/100 and S/10 concen-
TABLE 1—EFFECT OF 
Crops 
Wheat alone 
Wheat+mustard 
Wheat+rocket-salad 
Barley alone 
Barley+mustard 
Barley+rocket-sal ad 
Mustard alone 
Rocket-salad alone 
Initial population 
L.S.D. (at5%level) 
L.S.D. (at 1% level) 
INTERCULTURE OF 
Hop 
120 
60 
40 
60 
120 
80 
20 
20 
100 
Rot 
40 
— 
— 
20 
20 
40 
— 
40 
20 
MUSTARD AND ROCKET-SALAD WITH WHEAT CV. 
NEMATODE PoptnAnoN AND YIELD 
Tylen 
360 
100 
120 
560 
300 
520 
140 
120 
220 
IN FIELD 
Nematode Populations/200 g Soil 
Tyl 
40 
20 
60 
60 
40 
20 
40 
40 
Aph 
60 
— 
20 
— 
— 
20 
20 
20 
20 
Tri 
200 
180 
80 
200 
100 
100 
20 
60 
100 
HD-1982 AND BARLEY CV. 
Long 
20 
20 
20 
40 
20 
60 
— 
— 
20 
Total 
800 
400 
300 
940 
620 
860 
220 
300 
520 
10.8 
14.9 
Sap 
560 
580 
420 
820 
900 
940 
680 
660 
1580 
BG-49 ON 
Yield/ 
_ oCTc, 
kg 
800 
800 
810 
1010 
1030 
1020 
45.0 
64.0 
Each value is a mean of 3 replicates; Hop = Hoplolaimus indicus, Rot = Rotylenchulus reniformis, Tylen = Tylenchorhynchus brassicae, 
Tyl = Tylenchus filiformis, Aph = Aphelenchus avenae, Tri = Trichodorus mirzai. Long = Longidorus brevicaudatus. Total = Total parasitic, 
Sap =» Total saptazok. 
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TABLE 2—EFFECT OF ROOT-EXUDATES OF MUSTARD AND ROCKET-SALAD ON NEMATODE MORTALITY AND LARVAL HATCH IN VITRO 
Exposure 
Time, 
hr 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
S 
37.00 
53.68 
65.65 
35.95 
62.50 
81.05 
38.70 
65.55 
70.96 
29.83 
67.88 
76.72 
7.69 
66.66 
87.50 
19.23 
56.76 
68.25 
Cone, of mustard root-exudate 
S/2 
0 
26.86 
41.42 
0 
17.80 
25.00 
0 
11.76 
19.40 
7.05 
17.43 
26.12 
0 
22.22 
33.33 
0 
16.24 
24.33 
S/10 
0 
0 
10.66 
0 
0 
11.53 
0 
0 
9.89 
0 
0.83 
5.45 
0 
0 
12.50 
0 
9.96 
8.86 
S/100 
0 
0 
5.00 
0 
0 
4.00 
0 
0 
6.00 
Per Cent Mortality of Nematodes 
Cone, of rocket-salad root-exudate 
S/1000 S 
Hoplolaimus indicus 
0 40.86 
0 54.80 
0 83.33 
Helicotylenchus indicus 
0 39.53 
0 62.50 
0 69.23 
Rotylenchulus reniformis 
0 36.45 
0 69.69 
0 92.68 
Tylenchorhynchus brassicae 
0 
0 
3.29 
0 
0 
6.66 
0 35.43 
0 73.27 
0 86.66 
Tyienchus filiformis 
0 24.00 
0 80.00 
0 100.00 
Meloidogyne incognita larvae 
0 
0 
3.00 
0 25.24 
0 64.87 
0 74.33 
S/2 
6.45 
39.75 
52.22 
6.66 
29.21 
48.93 
10.00 
23.61 
26.19 
19.32 
22.33 
27.61 
11.11 
35.71 
80.76 
10.20 
14.22 
14.87 
S/10 
0 
0 
9.72 
0 
13.23 
13.83 
0 
4.47 
10.76 
0 
0 
11.57 
0 
0 
21.73 
0 
0 
10.82 
S/100 
0 
0 
4.61 
0 
0 
6.06 
0 
0 
6.66 
0 
0 
7.22 
0 
0 
12.00 
0 
0 
7.00 
S/1000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
• Distilled 
Water 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 days 662 839 929 
Cumulative larval hatch ofM. incognita 
1276 1287 71 416 704 1289 1300 1254 
Each value is a mean of three replicates. 
trations were also not very eifective; but that of S/2 con-
centration could kill 41.42 per cent Hop. indicus, 33.33 per 
cent T. filiformis, 26.12 per cent T. brassicae, 25.00 per 
cent Hel. indicus, 24.33 per cent M. incognita larvae and 
19.40 per cent R. reniformis after 48 hours of exposure. 
The S concentration, on the other hand, was very effec-
tive, in which the highest mortality (87.50 per cent) was 
observed in T. filiformis after 48 hours, followed by 81.05 
per cent in Hel. indicus, 76.72 per cent in T. brassicae, 
70.96 per cent in R. reniformis, 68.25 per cent in M. 
incognita larvae and 65.65 per cent in Hop. indicus. A 
similar trend was noticed with the root-exudates of 
rocket-salad where S/100 and S/10 concentrations were 
not very effective. However, as much as 80.76 per cent 
T. filiformis, 52.22 per cent Hop. indicus, 48.93 per cent 
Hel. indicus, 27.61 per cent T. brassicae, 26.19 per cent 
R. reniformis and 14.87 per cent M. incognita larvae were 
killed with S/2 concentration of rocket-salad root exu-
dates after the lapse of 48 hours. The highest concentra-
tion (S) of this exudate proved to be highly effective as 
it killed all the specimens of T. filiformis in 48 hours. It 
was followed, in order of efficiency, by 92.68 per cent in 
R. reniformis, 86.66 per cent in T. brassicae, 83.33 per cent 
in Hop. indicus, 74.33 per cent in M. incognita larvae and 
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69.23 per cent in Hel. indicus. Thus, it is clear from the 
foregoing account that the root-exudates of rocket-salad 
were more toxic than those of mustard. The mortality of 
nematodes increased with the inctea&e in the concentra-
tion of root-exudates and the exposure period. 
The inhibition in larval hatching increased with the 
increase in the concentration of root-exudates. In S, S/2 
and S/10 concentrations of mustard root-exudates, only 
662,839 and 929 larvae of M. incognita could be hatched 
out, whereas the respective figures for these concentra-
tions in the root-exudates of rocket-salad were only 71, 
416 and 704 against 1254 in water alone. Thus, the root-
exudates of rocket-salad were more inhibitory for larval 
hatching than those of mustard. 
Earlier investigations*-^ showed that root-diffusates 
from some crucifers inhibited the effect of potato root-
diffusate and thus these potato root-diffusates did not 
stimulate larval hatching of Heterodera rostochiensis. 
Similar results were obtained by applying mustard oil 
and allyl isothiocynate, a sulphur compound present in 
mustard oil. Morgan^" also reported that root-diffusates 
from some crucifers apparently reduced the severity of 
nematode attack on potato and resulted in increased 
yield. 
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CONTROL OF PLANT PARASITIC NEMATODES BY INTERCROPPING 
WITH TAGETES MINUTA 
by 
M.A. SiDDioui and M.M. ALAM 
Several studies have shown the nematode-suppressant effects of 
Tagetes spp. (Oostenbrink, 1960; Daulton and Curtis, 1963; Hackney and 
Dickerson, 1975; Alam et al, 1977). In India farmers sometimes grow 
marigold plants in land bordering vegetable crops or in between the rows. 
The work reported here is an investigation of the effect of this practice 
on Meloidogyne incognita (Kofoid et White) Chitw., Rotylenchulus 
reniformis Linford et Oliveira and Tylenchorhynchus brassicae Siddiqi. 
Materials and Methods 
Three week old seedlings of tomato (Lycopersicon esculentum Mill. cv. 
Pusa Ruby), eggplant (Solanum melongena L. cv. Pusa Purple Long), 
cabbage (Brassica oleracea capitata L. cv. Pride of India) and cauliflower 
{B. oleracea botrytis L. cv. Maghi) were transplanted singly into the centre 
of 15 cm clay pots containing 1 kg autoclaved mixture of soil, sand and 
compost (in 7:2; 1 ratio). In some of the pots 5 seedlings of marigold {Tagetes 
minuta L.) of the same age were transplanted equidistantly around the 
periphery as per the t reatments listed in Tables I - III. Two days after 
transplanting the pots were inoculated in the rhizosphere of the central 
seedhng with 1000 specimens of one of the three test nematodes, viz., M. 
incognita, R. reniformis, or T. brassicae. Uninoculated plants served as the 
control. There were three replicates for each set. Sixty days after 
inoculation the plants were uprooted and washed gently and plant growth 
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and root-knot index (on 0-4 scale) were determined. Final soil populations 
of the nematodes were determined by Cobb's sieving and decanting method 
and modified Baermann funnel technique. 
Root-exudates of T. minuta were obtained by dipping the roots of ten 
seedlings of the same age in 50 ml sterilized distilled water. The exudate 
was collected after 5 days and the volume made up to 50 ml with distilled 
water. This exudate was arbitrari ly termed as the standard (S). 
Mortality of the test nematodes in different dilutions of root-exudates 
was determined by transferring 2nd stage juveniles of M. incognita and 
different free stages (soil phase) of/?, reniformis and T. brassicae to 40 mm 
petri plates containing 10 ml of different dilutions of the root-exudates 
(Alam, 1985). Petri dishes containing distilled water only served as the 
control. There were three replicates for each treatment including the 
control. The number of dead and living nematodes were counted after 12, 24 
and 48 hr, death being ascertained after transferring them to water for 1 hr. 
For studying the effect of the root-exudates on the juvenile hatch of 
M. incognita, five average sized healthy and freshly picked eggmasses were 
transferred to petri dishes (40 mm diameter) containing 10 ml of different 
dilutions of the root-exudates. There were three replicates for each 
treatment including the control. The total number of hatched juveniles 
was counted after 5 days and per cent inhibition of the juvenile hatching 
in relation to the control was calculated. 
Results and Discussion 
Results presented in Tables I - III indicate that all the three test species 
of nematodes were highly pathogenic on their respective hosts as they 
multiplied freely on control plants. The nematode multiplication was, 
however, significantly retarded when these crops were grown with 
marigolds. The root-knot indices on tomato and eggplant were 1.8 and 1.5 
respectively when marigolds were grown with tomato and eggplant, 
compared with 4.0 without marigolds (Table I). R. reniformis had a 
reproduction factor of 2.1 on tomato and 1.9 on eggplant which in the 
presence of marigolds were reduced to 0.8 and 0.7 respectively (Table II). 
The reproduction factor of T. brassicae was 2.4 on tomato, 2.2 on eggplant, 
1.9 on cabbage and 1.6 on cauliflower. It was reduced to 0.7, 0.8, 0.7 and 
0.8 on these crops respectively in the presence of marigolds (Table III). 
As a consequence of reduction in nematode multiplication the plant growth 
in all cases was enhanced significantly (Tables I - III). 
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The root-exudate of T. minuta was found most toxic to R. reniformis 
followed by T. brassicae and M. incognita (Table IV). Nematode mortality 
increased with increase in concentration of the root-exudate and the 
exposure period (Table IV). The inhibition of juvenile hatching from 
eggmasses of M. incognita exposed to the root-exudate for 5 days was 80% 
at the full concentration (S), 74.5% at S/2, 51.0% at S/10 and 20.4% at S/100. 
The present findings indicate that the practice of growing marigolds 
intermixed with vegetables crops suppresses some plant parasitic 
nematodes. This kind of nematode control is of special significance as it 
is devoid of environmental pollution hazards. 
The present findings confirm and extend the findings of Alam et al. 
(1975), who reported the nematicidal nature of root-exudates of T. erecta, 
and those of Stessel and Sakkinen (1961) who found strong nematicidal 
action of root sap of T. lucida against Panagrellus redivivus. 
We are grateful to Dr. Mohinder Pal, Head, Cytogenetics Lab, National 
Botanical Research Institute (N.B.RJ.), Lucknow-226001, India for 
providing authentic seeds of T. minuta. 
Table I - Effect of interculture of Tagetes minuta on root-knot development of 
Meloidogyne incognita and growth of tomato and eggplant. 
C r o p s 
Tomato 
alone 
Tomato 
alone 
Tomato and 
Tagetes 
Eggplant 
alone 
Eggplant 
alone 
Eggplant 
and Tagetes 
Inoculation 
with the 
nematode 
Uninoculated 
Inoculated 
Inoculated 
CD. (P = 0.05) 
Uninoculated 
Inoculated 
Inoculated 
CD. (P=0.05) 
Shoot 
27.2 
11.2 
23.3 
26.0 
8.5 
24.0 
Weight' (g) 
Root 
11.2 
7.5 
10.0 
10.0 
3.5 
6.3 
Total 
38.4 
18.7 
(51.3)2 
33.3 
(13.1) 
5.91 
36.0 
12.0 
(66.7) 
30.3 
(15.8) 
3.11 
Root-knot 
index' 
— 
4.0 
1.8 
0,86 
— 
4.0 
1.5 
0.64 
' Each value is an average of three replicates. 
^ Values for per cent reduction in plant weight over uninoculated control are given in 
parenthesis. 
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Table II - Effect of interculture of Tagetes minuta on the population of Roty-
lenchulus reniformis and plant growth of tomato and eggplant. 
C r o p s 
Tomato 
alone 
Tomato 
alone 
Tomato and 
Tagetes 
Eggplant 
alone 
Eggplant 
alone 
Eggplant 
and Tagetes 
Inoculation 
with the 
nematode 
Weight' (g) 
Shoot Root 
Final 
Popula-
Total tion' 
Uninocuiated 27.2 11.2 38.4 
Inoculated 9.5 
Inoculated 16.3 
CD. (P = 0.05) 
Uninocuiated 26.0 
6.8 
9.0 
10.0 
16.3 2133 
(57.4P 
25.3 820 
(34.0) 
3.42 70.97 
36.0 — 
Inoculated 11.0 9.8 20.8 1883 
(42.1) 
Inoculated 19.3 8.3 27.6 730 
(23.3) 
CD. (P = 0.05) 5.91 64.15 
2.1 
0.8 
1.9 
0.7^ 
' Each value is an average of three replicates. 
2 Values for per cent reduction in plant weight over uninocuiated control are given in 
parenthesis. 
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Table III - Effect of interculture of Tagetes minuta on the population of Tylencho-
rhynchus brassicae and plant growth of selected crops. 
C r o p s 
Tomato 
alone 
Tomato 
alone 
Tomato and 
Tagetes 
Eggplant 
alone 
Eggplant 
alone 
Eggplant 
and Tagetes 
Cabbage 
alone 
Cabbage 
alone 
Cabbage and 
Tagetes 
Cauliflower 
alone 
Cauliflower 
alone 
Cauliflower 
and Tagetes 
Inoculation 
with the 
nematode 
Uninoculated 
Inoculated 
Inoculated 
CD. (P==0.05) 
Uninoculated 
Inoculated 
Inoculated 
CD. (P = 0.05) 
Uninoculated 
Inoculated 
Inoculated 
CD. (P = 0.05) 
Uninoculated 
Inoculated 
Inoculated 
CD. (P = 0.05) 
Shoot 
27.2 
10.2 
21.3 
26.0 
II.O 
19.9 
31.0 
21.0 
24.4 
51.2 
27.0 
30.0 
Weight' (g) 
Root 
11.2 
5.5 
8.4 
10.0 
5.5 
9.2 
7.3 
4.2 
7.2 
11.7 
7.0 
8.0 
Total 
38.4 
15.7 
(59.2)2 
29.7 
(22.5) 
5.21 
36.0 
16.5 
(54.2) 
29.1 
(19.2) 
2.75 
38.3 
25.2 
(34.3) 
31.6 
(17.6) 
6.78 
62.9 
34.0 
(45.9) 
38.0 
(39.5) 
8.92 
Final 
Popula-
tion' 
— 
2400 
740 
55.02 
— 
2176 
820 
61.68 
— 
1916 
720 
76.14 
1600 
810 
58.60 
R=Zl 
— 
2.4 
0.7 
— 
2.2 
0.8 
— 
1.9 
0.7 
1.6 
0.8 
' Each value is an average of three replicates. 
' In parenthesis are given per cent reduction in plant weight over uninoculated control. 
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Table IV - Mortality of plant parasitic nematodes in root-exudates of marigold, 
Tagetes minuta. 
Exposure period 
(hr) S 
Meloidogyne incognita 
12 30 
24 50 
48 60 
Rotylenchulus reniformis 
12 60 
24 69 
48 79 
Tylenchorhynchus brassicae 
12 44 
24 62 
48 73 
% mortality in 
S/2 
20 
25 
39 
21 
19 
50 
20 
43 
56 
different concentrations' 
S/10 
11 
15 
25 
0 
10 
25 
7 
16 
19 
S/100 
0 
0 
9 
0 
0 
5 
0 
0 
5 
' Each value is an average of three replicates. No mortality occurred in distilled water 
(control). 
S U M M A R Y 
Marigold, Tagetes minuta, in mix-culture, significantly inhibited the root-knot 
development caused by Meloidogyne incognita on tomato and eggplant and reduced the 
multiplication of Rotylenchulus reniformis and Tylenchorhynchus brassicae on tomato, 
eggplant, cabbage and cauliflower. The growth of all the test plants was improved when 
marigolds were present. The root-exudates of T. minuta also exhibited strong nematicidal 
action. 
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Control of Phytonematodes by Mix-culture of Tagetes lucida 
MANSOOR A. SIDDIQUI and M. MASHKOOR ALAM, Department of Botany, 
Aligarh Muslim University, Aligarh-200 002, India. 
ABSTRACT 
The mix-culture of marigold, Tagetes bieida inhibited the root-knot devel<^nnent cauied by MMdogjm M«-
gnila on tomato and eggplant and reduced the populations of Jiotjfleiuhulm rm^ormis and TyUttcAoitfiicha dnittum 
on tomato, eggplant, cabbage and cauliflower. The growth of all the testplants was improved due tomarigc^ 
The root-exudates of T. lucida were also found to have nematiddal property. 
In India marigolds {Tagetes spp.) are mainly grown for flower, for use in religious 
ceremonies. It is a common experience of farmers here that crop stands are better when 
grown alongwJth marigolds, however, without exactly knowing its agnificance and m<a% 
so with respect to nematodes. The scientific explanation was given by many wwkers 
when they noticed reduction in population of plant parasitic nematodes by planting 
some Tagetes species such as T. erecta, T. minuta and T. patula alongwith susceptible crops 
(3-7). But no such information is available vis-a-vis T- lucida. Hence, the present investi-
gations were undertaken. 
MAH^UALS AND METHODS 
Three-week-old seedlings of tomato {Lycopersicm lycopersiatm (L.) Karsten) cv. Pusa 
Ruby, eggplant (Solanum melongena L.) cv. Pusa Purple Long, cabbage {Brassica oleracea 
capiiata L.) cv. Pride of India and cauliflower {B. oleracea bokytis L.) cv. Maghi raised in 
sterilized soil, were transplanted to the centre of 15 cm clay pots containing autoclaved 
soil, while five seedlings of marigold {Tagets lucida Cav.) of the same age were transplanted 
in the periphery of the pots as per schedule given in the tables 1-3. The seedlings in tfcc 
centre were also inoculated with either of the three test nematodes, viz., the root-knot 
nematode, Meloidogyne incognita (Kofoid & White) Ghitwood, the reniform nematode, 
Rotylenckulus reniformis Linford & Oliveira and the stimt nematode, Tylmchorkynckus brassi-
cae Siddiqi at 1000 nematodes/pot. Uninoculated plants served as control. There were 
three replicates for each set. The experiment was terminated 2 months after inoculation 
and plant growth and root-knot index (on 0-4 scale) were determined. The soil popula-
tion of nematodes was determined by using Cobb's sieving and decanting method along-
with modified Baermann fimnel technique (8). 
For getting root-exudates ten seedlings of T. lucida of the same age were placed in 
Erlenmeyer flasks containing 50 ml distilled water. The exudate was collected after 5 
days and the volume made to 50 ml by adding required amount of distilled water. This 
•xudate was termed as standard (S). Several dilutions, viz. S/2, S/10 and S/100 were also 
prepared from the standard solution. 
Mortality of the test nematodes in different dilutions of root-exudates was determined 
following the method of Alam (1) by transferring 2nd stage juveniles of M. incognita and 
different free stages (of soil phase) of.fi. reniformis and T. brassicag to 40 nwn pctriplates 
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containing 10 ml of different dilutions of the root-exudates. Petridishes containing disti-
lled water only served as control. There were three replicates for each treatment including 
the control. The number of dead and surviving nematodes were counted after 12, 24 
and 48 hr and the mean per cent mortality calculated. The death of the nematodes was 
ascertained after transferring them to water for 1 hr. 
For hatching experiment, 5 average-sized and freshly picked eggmasses of Meloido-
gyne incognita were transferred to 40 mm petridishes containing 10 ml of different dilutions 
of the root-exudates. Petridishes containing distilled water only served as control. 
Each treatment including the control was replicated three times. The total number of 
hatched juveniles was counted after 5 days and per cent inhibition in the juvenile hat-
ching over control was calculated. 
RESULTS 
It is clear from the results presented in tables 1-3 that all the test nematodes multi-
plied freely on different plants thereby showing their high susceptibility. When these 
crops were grown alongwith tagetes the nematode multiplication was significantly retar-
ded. The root-knot indices on tomato and eggplant were 1.50 and 1.31 when tagetes 
was also grown alongwith these plants as compared to 4.00 without tagetes (Table 1). 
TaUe 1. Effect of intercaltnre of Tagetea lacida on root-knot development caused by Meloidogyne 
incognita and plant growtb of tomato cv. Posa Ruby and eggplant cv. Posa Purple Long 
(Mean of 3 replicates) 
Crops 
Tomato alone 
Tomato alone 
Tomato and 
Tagetet 
Eggplant alone 
Eggplant alone 
Eggplant and 
Tagetes 
Inoculation with 
the nematode -
Uninoculated 
Inoculated 
Inoculated 
CD. (P=0.05) 
a n . (P-0.01) 
Uninoculated 
Inoculated 
Inoculated 
CD. (P=0.05) 
CD. (P=0.01) 
Shoot 
27.16 
11.16 
19.50 
26.00 
8.50 
19.33 
Weight (g) 
Root 
11.17 
7.50 
9.16 
10.00 
3.50 
6.17 
Total 
38.33 
18.66 
(51.32) 
28.66 
(25.23) 
3.66 
4.56 
36.00 
12.00 
(66.67) 
25.50 
(29.16) 
2.27 
2.54 
Root-knot 
— 
4.00 
1.50 
0.48 
0,74 
— 
4.00 
1.31 
0.16 
Initial inoculum level=1000 nematodes per pot. 
Vaiuesfor percent reduction in plant weight over uninoculated control arc given in parentheses. 
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In case o{RatyUnehulus reniformis the reproduction factor was 2.13 and 1.88, respectively, 
on tomato and eggplant when grown alone. However, in the presence of tagetes it was 
reduced to 0.79 and 0.75, respectively, as compared to 0.20 in the control pots having 
tagetes alone (Table 2). The reproduction factor of Tylenckorkynchus brassicae was 2.40 on 
TaUe 2. Effect of intercnltare of Tagetes ladda on the populBtkm of RotyiaMdralas reniformia 
and idaot growth of tomato cv. Pnaa Rnby and eggplant cv, Pnsa Purple L M ^ (Mean of three 
replicatea) 
Ciops 
Tomato alone 
Tomato alone 
Tomato and Tagetes 
Tagetes alone 
Eggplant alone 
Eggplant alone 
Eggplant and Tagetes 
Tagetes alone 
Inoculation with 
the nematode 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
CD. (P=0.05) 
CD. (P=0.01) 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
CD. (P-0.05) 
CD. (P=0.01) 
Shoot 
27.16 
9.50 
17.00 
26.00 
11.00 
20.50 
Weight (g) 
Root 
11.17 
6.83 
8.50 
10.00 
9.83 
7.40 
Total 
38.33 
16.33 
(57.40) 
25.50 
f33.48) 
3.60 
5.98 
36.00 
20.83 
(42.14) 
27.90 • 
(22.50) 
2.68 
3.81 
Final 
Population 
— 
2133 
793 -
200 
66.06 
100.08 
— 
1883 
750 
200 
88.62 
124.25 
Pf 
R=— 
Pi 
— 
2.13 
0.79 
0.20 
— 
1.88 
0.75 
0.20 
Inoculum level (Pi) =1000 nematode per pot. 
RoReproduction factor, Pf'=Final population, Pi=Initial population. 
Values for per cent reduction in plant weight over uninoculated control are given in parentheses. 
tomato, 2.18 on eggplant, 1.92 on cabbage and 1.60 on cauliflower. It was reduced to 
0.82, 0.73, 1.30 and 0.90 on these crops, respectively in the presence of tagetes. In case 
of tagetes alone the reproduction factor was only 0.42 (Table 3). 
As a consequence of reduction in nematode multiplication the plant growth in all 
the cases was invariably enhanced significantly (Tables 1-3). 
The root-exudates brought about mortality of test nematodes, to varying extent 
(Table 4). RotyUnchulus reniformis showed the greatest susceptibility to the root-exudates 
followed by Tylenckorkynchus brassicae and then Meloidogyru incognita. The mortaUty of 
different nematodes increased with an increase in the cone, of root-exudates and the dura-
tion of exposure (Table 4). The juvenile hatching of M. incognita was also inhibited by 
different concentrations of root-exudates highest being in standard solution (Table 5) 
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Talda S. Effsct of fatnealtiire of TagetM Indda <» tlie popnfauiMi of Tyin«fhi>rli;>iKliiM I w w 
•Icae «IM1 fdant growrth of tomato cv. POM Ruby, tggfiUatt cv. POM purple Loi«, caUiace cv. 
Pride of India and cauliflower cv. MagU (Mean of 3 replicate*) 
Crops 
Tomato alone 
Tomato alone 
Tomato and Tagetes 
Tagetes alone 
Eggplant alone 
Eggplant alone 
Eggplant and Tagetes 
Tagetes alone 
Cabbage alone 
Cabbage alone 
Cabbage and Tagetes 
Tagetes alone 
Oituliflower alone 
Gauliflmver alooe 
Cauliflower and Tagetes 
Tagetes alone 
Inoculation with 
the nematode 
Uninoculated 
Inoculated 
Inoculated ^ 
Inoculated 
CD. (P=0.05) 
CD. (P-O.Ol) 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
CD. (P«=0.05) 
CD. (P=0.01) 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
CD. {P-0.05) 
CD,<P-0.01) 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
CD. (P-0.05) 
CD. {P=0.0!) 
Shoot 
27.16 
10.16 
19.50 
26.00 
11.00 
16.33 
31.00 
21.00 
23.00 
51.16 
27.00 
35.00 
Wei^t (g) 
Root 
11.17 
5.50 
6.50 
10.00 
5.50 
7.50 
7.33 
4.17 
6.00 
11.66 
7.00 
8.00 
Total 
38.33 
15.66 
(59.15) 
26.00 
(32.17) 
3.19 
5.29 
36.00 
16.50 
(54.17) 
23.83 
(33.81> 
1.63 
2.32 
38.33 
25.17 
(34.33) 
29.00 
(24.34) 
3.33 
5.52 
62.83 
34.00 
(45.89) 
43.00 
(31.56) 
1.26 
1.79 
Final 
population 
2400 
816 
416 
61.11 
92.61 
— 
2176 
726 
416 
54.88 
76.95 
— 
1916 
1300 
416 
48.94 
74.14 
— 
1600 
900 
416 
65.81 
95.74 
Pf 
R - — 
Pi 
2.40 
0.82 
0.42 
— 
2.18 
0.73 
0.42 
— 
1.92 
1.30 
0.42 
— 
1.60 
0.90 
0.42 
Inoculum level (Pi)" 1000 nematode per pot. 
R'Kqkroduetion iactor, Pf-Rmd population, Pi>>Initial population. 
Valuai far per cent raductiaa in plant wdgfat o«v uninoculated oontfol are given in 
'fs: 
Table 4 MorteUtyofplBxitpanalticnenMtodesbiroot-emdatcMof marigold, Tagetcs Indda 
(Mean of 3 replicates. No mortality occnrred with distflled water) 
Exposure 
period 
(hr) 
12 
24 
48 
12 
24 
48 
Per cent mortality in difflerent concentrations Regreagion equadow 
27.50 
43.60 
55.50 
65.00 
70.00 
84.50 
S/2 S/10 S/100 
Meloidogyiu vieognHa 
18.50 10.50 
25.00 15.50 
35.10 25.00 
0.00 Y= 11.30+ 7.35 (X-2.00) 
0.00 ¥=17.22+11.62 (X-2.aO) 
7.70 Y=22.66+13.84 (X-a^) 
RolyUndmbis nmfonnii 
15.00 0.00 
20.00 10 .€0 
55.50 24.50 
0.00 y = 16.00+14.70 (X-2.00) 
0.00 Y=20.12+16.02 (X-2.«)) 
4.00 y=33.90+22.05 (X-2.00) 
12 
24 
48 
40.00 
55.00 
73.33 
TytendmrkjmJms btassicae 
25.30 6.00 
40.50 15.60 
54.00 21.00 
0.00 ¥=14.26+10.53 (X-2.00) 
5.50 ¥-23.32+M.50 <X-2.«)) 
7.00 ¥-31.06+19.36 (X-2.00) 
TaUeS. Larwd hatchk^ rfMrfaidogyne iacegiiita l« r—t-ewidatea «f <»M» 
gold, Tagets locida (lulean of 3 repUcatei^ 
Percent inhibition in 
S 
80.56 
larval hatching over 
S/2 
74.45 
control in di%reat 
S/IO 
54.45 
coRcentrattMM 1 (widni 5 dftjrs) 
6/100 
17.78 
DISCUSSION 
Tagetes lucida inhibited the multiplication of Af. incognita, R. reniformis and T. brassicae 
in all the susceptible plants tested and improved the plant growth. These results are 
in accordance with those reported earlier by many workers (3-7). 
Wallace (12) has suggested that the efTect of tagetes manifests in the soil, apparently 
by release of the nematicidal chemicals from the roots. His theory has been substantiated 
by tlie present findings showing the toxicity of the root-exudates to M. incognita, R. reni-
formis and T. brassicae and its inhibitory effect on egg hatch of M. incognita. Our results 
confirm and extend the findings of Alam et al. (2) who reported the nematoxicity of root-
cxudates of T. erecta and those of Stessel & Sakldnen (9) who found strong nematicidal 
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action of root sap of T. lucida against Panagrellus redivivus. Uhlenbroek & Bijioo (10-11) 
have isolated from roots of Tagetes nana and T- erecta plena two thiophenic compounds 
viz., a-terthienyl and 5-(-3-buten-l-ynyl)-2, 2'-bithienyl. Both chemicals were very 
toxic in an in vitro bioassay against several species of nematodes. The role of these chemicals 
or some other principles can not be ruled out in the present case with respect to the nema-
toxicity of the root exudates and the adverse effect of T. lucida on nematode multiplication. 
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C O N T R O L OF P L A N T PARASITIC N E M A T O D E S BY TAGETES TENUIFOLIA 
Mansoor A. SIDDIQUI and M . M A S H K O O R Ai.A.vi 
Department of Botany, Aligarh Muslim University, Aligarh-202002, India. 
Tagetes erecta L., T. minuta L. and T. patula L. are 
known for nematotoxic properties (Oostenbrink, 1960; 
Daulton & Curtis, 1963; Wallace, 1963; Hackney & 
Dickerson, 1975; Alam, Masood & Husain, 1975). 
Interculture of vegetables with Tagetes erecta has been 
found effective in reducing nematode population (Alam, 
Saxena & Khan, 1977). Tagetes tenuifolia Cav. is another 
species which is widely grown as omemental plant but 
nothing is known whether this is equally nematotoxic. 
Hence, in the present investigation an attempt has been 
made to evaluate T. tenuifolia as interculture plant for 
controlling Meloidogyne incognita, Rotylenchulus reni-
formis and Tylenchorhynchus brassicae. 
Materials and methods 
Seedlings of tomato {Lycopersicon esculentum P. Mill.) 
cv. Pusa Ruby, eggplant (Solanum melongena L.) cv. 
Pusa Purple long, cabbage (Brassica oleracea capitata 
L.) cv. Pride of India and cauliflower (Brassica oleracea 
botrytis L.) cv. Maghi grown in sterilized soil were 
transplanted singly in the centre of 15 cm diam. clay pots 
containing 1 kg autoclaved soil. Five, three-week old 
seedlings of Tagetes tenuifolia were also transplanted at 
the same time of transplantation of the host plants, at 
equal distance at the periphery of the pots. The vege-
table seedlings were then inoculated with 1 000 speci-
mens of either of the three test nematodes viz., Meloido-
gyne incognita (Kofoid & White) Chitwood, Rotylenchu-
lus reniformis Linford & Oliveira or Tylenchorhynchus 
brassicae Siddiqi separately. There were five replicates 
in each treatment. Uninoculated plants served as 
control. After two months, plant weight and root-knot 
index (on 0-5 scale of Taylor and Sasser, 1978) were 
determined. Final populations of the nematodes were 
determined by using Cobb's sieving and decanting 
method alongwith modified Baermann funnel techni-
que (Flegg & Hooper, 1970). 
Root-exudate of marigold was obtained according to 
the procedure described by Alam, Masood and Husain 
(1975) by dipping the root systems of ten seedlings of 
the same age in 50 ml distilled water contained in 
Erlenmeyer flasks of 100 ml capacity. The exudate was 
collected each day for five days and were stored at 5°. 
This exudate thus obtained was designated as standard 
(S). S/2, S/10 and S/100 dilutions were also made from 
the standard (S) by adding required amount of water. 
The test nematodes were transferred to 10 ml of diffe-
rent dilutions of root-exudates contained in 40 mm 
diameter petridishes following the method of Alam 
(1985). Similar number of nematodes were kept in 
distilled water for control. There were five replicates for 
each treatment. The number of active and inactive 
nematodes were counted after 12, 24 and 48 hr. The 
nematodes which did not regain mobility even after 
transfer to water were considered as dead. The per cent 
mortality was calculated over controls. 
For hatching experiment, five average sized, healthy 
and freshly picked eggmasses were transferred to the 
Petridishes (40 mm diam.) containing 10 ml of different 
dilutions of the root-exudates. There were five replicates 
for each treatment. The total number of hatched juv-
eniles was counted after five days. Hatching in water 
served as control. 
Results and discuss ion 
Interculture of T. tenuifolia with tomato, eggplant, 
cabbage and cauliflower reduced the root-knot devel-
opment and population of the root-knot nematode, the 
reniform nematode and the stunt nematode. In addition 
to this, the growth of the plants also improved and was 
more or less equal to healthy ones (Figs 1 & 2). 
Q P l a n t w e i g h t R o o t - k n o t Index 
_ 3 0 
I 10 
- 1 1 1 
3 'T 
Tomato E g g p l a n t 
TREATMENTS 
Fig. 1. Effect of interculture of Tagetes tenuifolia on root-knot 
development caused by Meloidogyne incognita and plant 
growth of tomato and egg-plant (a = without Tagetes, uni-
noculated; b = without Tagetes, inoculated; c = with Tagetes, 
inoculated). 
The root-exudate of T. tenuifolia was found most 
toxic to R. reniformis followed by T. brassicae and M. in-
cognita (Fig. 3). The inhibition in juvenile hatching from 
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Fig. 2. Effect of intcrculturc of Tagetes lenuifolia on the 
population of Rolylenchulus reniformis and Tylenchorhynchus 
feraisicae and plant growth of their hosts (a = without 'I'agetes, 
uninoculated; b = without Tagetes, inoculated; c = with 
Tagetes, inoculated; d = Tagetes alone, inoculated). 
eggmasses of M. incognita exposed to the roo t -cxuda te 
for five days was 81.05 ''o at S concen t r a t ion , 76.84 "o at 
S/2, 48 .97 "o at S 10 and 15.30 "o at S 100. 
T h e s e resul ts are in ag reemen t wi th those of previous 
a u t h o r s (Oos tenbr ink , 1960; D a u l t o n & Cur t i s , 1963; 
H a c k n e y & Dickerson , 1975; A lam, Saxena & K h a n , 
1977) w h o repor ted nemato - tox ic p roper t i es of Tagetes 
spp . It is likely tha t the inhibi tory subs tances are leached 
ou t f rom roots which adversely affect n e m a t o d e as 
repor ted by U h l e n b r o c k and Bijloo (1958, 1959). 
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INFLUENCE OF INTERCULTURE OF MARIGOLD AND MARGOSA 
WITH SOME VEGETABLE CROPS ON PLANT GROWTH 
AND NEMATODE POPULATION 
M. MASHKOOR ALAM, S. K. SAXENA AND ABRAR M. KHAN 
DEPARTMENT OF BOTANY, ALICARH MUSLIM UNIVERSITY, ALIOARH 
The mixed cropping of marigold inhibited the population of plant parasitic nematodes 
and root-knot development on chilli and eggplant and that of margosa on tomato and 
eggplant. Both these plants also reduced the population of plant parasitic nematodes 
infesting cabbage and cauliflower. The plant growth of all the vegetable crops tested 
was promoted when grown alongwith marigold or margosa. 
INTRODUCTION 
Tyler as early as 1938 and Stcincr in 1941 pointed out that Tagetes spp. are 
resistant against many nematode infestations. According to Berg-Smit (1953), 
Dutch narcisus growers reported practical control of Pratylenchus penetrans by the 
use of marigold {Tagetes erecta) as a cover crop to precede narcisus. Similar reduc-
tion in the population of parasitic nematodes by planting T. erecta, T. patula and 
T. minuta intermixed or as a rotation crop, has been noted by several workers 
(Slootweg, 1956; Oostcnbrink et al., 1957; Visscr and Vythilingam, 1959; Gostenbrink, 
1960; Daulton and Curtis, 1963; Large rt a/., 1964; Good et al., 1965; Miller and 
Ahrens, 1969; Khan etal., 1971; Nakasono, 1973; Cohn and Mordcchai, 1974; Hackney 
and Dickcrson, 1975). On the other hand, Tarjan (1960) found no significant 
reduction in population oiRadopholus jtmiVij by growing T. erecta infields. The 
]3()pulation of most of the Heterodera spp. was not affected by Tagetes (Hesling et al., 
1961; Omidvar, 1961, 1962). It is, therefore, clear that the reports on the effect of 
growing an enemy crop (Tageles spp.) are highly contradictory. Recently, Singh 
and Sitaramaiah (1967), Khan el al. (1973, 1974 a, b) and Alam and Khan (1974) 
have pointed out that necm products such as oilcake and leaves are toxic to both 
nematodes and fungi. But no information is available on the effect of margosa 
seedlings on the population of plant parasitic nematodes. Hence, in the present 
investigation an attempt has been made to study the effect of inter-culturing African 
marigold (Tagetes erecta L.) and margosa or 'neem' {Azadirachta indica}v&s.) with 
certain vegetables on plant growth and population of phytoparasitic nematodes in 
order to evolve an effective means of cultural control. 
MATERIALS AND METHODS 
Three-week-old seedlings of tomato cv. Marglobe, eggplant cv. Pusa Purple 
Log, chilli cv. NP-46 A, cabbage cv. Pride of India and cauliflower cv. Snowball, 
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r.iis('(l in autoclavod mixtiiic ol'soil, sand and compost ( 7 : 2 : 1), were transplanted 
singly to the centre of 30 cm clay jjois containing naturally infested field soil. O n 
the periphery of each pot I'ovir seedlings of African marigold cv. CraCkcr Jack or 
niari^osa were transplanted at equal distances from each other. There were two 
cf)ntrols, one with above ve,L;elahlc seedlings transplanted alone in naturally infested 
soil and another in autoclavcd soil. I'^ach treatment was replicated thrice. Appro-
priate watering was done during the course of studies. Observations were made 
after 90 days. Plant growth and root-knot index ( 0 = no galling, 1 = light galling, 
2 = m o d e r a t e galling, 3= l icavy galling, 4=^severe galling) were determined. 
Nematode populations before transplanting and after completion of experiments 
were determined by using Cobb's sifting and gravity method along with modified 
Baerman funnels. 
EXPERIMENIAL RESULTS 
Effect of Interculture with Marigold 
Tabc I shows that there was singnificant increase in the population of para-
sitic nematodes around chilli and egg|)lant in control pots with infested soil. How-
ever, in the pots with marigold and above vegetables the total population of 
parasitic nematodes declined. The initial total population of nematodes was 1400 
TABLE 1. Effect of interculture of marigold with chilli cv. NP-46A and eggplant cv. Pusa 
Purple Long on nematode pop.ilation and plant growth in pots. 
Crops 
Chilli alone 
Chilli alone 
Chilli & 
marigold 
E^•gplant 
alone 
Eggplant 
alone 
Eggplant & 
marigold 
Marigold 
alone 
AS 
NTS 
NIS 
AS 
NIS 
NIS 
Initial population 
Hop 
120 
80 
100 
— 
— 
80 
LSD 
LSD 
Nematode populat 
Hel Rot Trh 
140 100 300 
140 40 240 
160 140 860 
80 120 240 
60 120 160 
100 80 380 
at (5% level) 
at (/% level) 
Tyl 
220 
160 
240 
140 
40 
00 
lon/20fl g soil 
Mel 
560 
320 
680 
240 
— 
500 
Otti 
60 
20 
20 
20 
60 
60 
Total 
1500 
1000 
2200 
840 
440 
1400 
67 51 
9602 
Weight (g) 
Sap Shoot 
5-66 
1580 4 00 
HOC 4 66 
2400 
1720 10 33 
1380 2000 
1900 
1500 
Root Total 
1-66 7-32 
133 5-33 
1-50 6J6 
5 66 2966 
266 12-99 
4 66 2466 
045 
0-64 
Root 
knot 
index 
4-00 
200 
400 
1'33 
1-25 
1 89 
Hop = Hoplolalmus indlcus, He\^Helicotvlenchus tndicus, Rot-== Rotylenchulus renlformis, 
Tth=T}lencliorhynchus tbrassicae, Ty\ = Tylenehui fillfarmis, Mt\=Meloldogyne Ineogniia, 
Oih=Othef Tylenchids, Total=Total parasitic, Sap=Total saprozoic, AS»AutocIaved soil. 
NlS=Naturrally infested soil. 
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jjcr 200 g soil. It increased lo 1500 and 2200 respectively around chilli and egg-
jilaiit alonr; and decreased to 1000 and 840 respectively around chilli with mari-
gold and eggplant with niaiigf)l(l. Tiic decrease in population of nematodes was 
highest in jiots with marigold alone (440), hence it proved to be highly inhibitory. 
The intcrcultvirc of marigold also brought about reduction in the root-knot develop-
ment. The root-knot index on chilli and eggplant was of the order o f4"00when 
these plants were grown alone, but decreased to 2.00 and I'83 respectively when 
marigold was also grown in the same pot. The plants in pots with marigold grew 
luxuriantly. The fresh weight of chilli plants was 7-32,, 5-33 and 6*16g respec-
tively when grown alone in autoclavcd soil, naturally infested soil, and when inter-
mixed with marigold. The corresponding values for eggplant were 29'66, 12'99 
and 24'66 g respectively. 
In cases of cabbage and cauliflower the population of parasitic nematodes 
increased from 1560 to 2612 and 2496 respectively. When marigold was grown 
along with cabbage and cauliflower in the same pot, the populations, however, 
declined to 1484 and 1440 respectively. In pots with marigold alone, the number 
of the parasitic nematodes were further reduced to 572. The fresh weight of 
cabbage was 42-33, 25-33 and 31-66 g and of cauliflower 70-50, 36-16 and 43'50 g 
respectively when above vegetables were alone in autoclaved soil and naturally 
infested soil or grown with marigold in naturally infested soil (Table 2). 
TABLE 2. Effect of intcrculture of marigold with cabbage cv Pride of India and cauliflower 
cv. Snowball on nematode population and plant growth in pots. 
Crops 
Cabbage alone 
Cabbage alone 
Cabbage & marigold 
Caulillower alone 
Cauliflower alone 
Cauliflower & marigold NIS 
Marigold alone 
Inii ial population 
Nematode population/200 g soil Weight (g) 
AS 
NIS 
NTS 
AS 
NIS 
 
NIS 
Hop 
276 
72 
240 
120 
7f> 
128 
Rol 
124 
40 
UO 
140 
36 
96 
LSD (ai /i";, 
Trh 
2020 
1280 
1860 
1000 
380 
1200 
level) 
LSD (at 1% level) 
Tyl 
120 
52 
120 
100 
48 
80 
Tri 
72 
40 
96 
80 
32 
56 
Total 
2612 
1484 
2496 
1440 
572 
1560 
40-51 
57-61 
Sap 
1640 
1900 
1720 
2580 
1800 
3546 
Shoot 
3700 
2233 
27-50 
5800 
31-16 
36-50 
Root 
5-33 
300 
4-16 
12-50 
5;C0 
7 0 0 
Total 
42-33 
25-33 
31-66 
7050 
36-16 
43-50 
4-23 
6 0 2 
Hop-Hoplolaimus indicus. Rot = Rntytenchulus reniformis. Trb ==TyUnchorhynchus braSiicae, 
'l)/\^Tylenchus filiformis, Tri^Trichodorus mirzai, Total=Total parasitic, Sap-Total 
saptoLoic. AS=Autoclaved soil. NlS = Naturall> infested soil. 
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Effect of Intereuiture with Margosa 
The population of stylet bearing nematodes was reduced from 1540 to 1400 
and 1280 when margosa seedlings were grown along with tomato or eggplant seed-
lings respectively. There was still more reduction in the population (560) when 
margosa seedlings were grown alone. In these studies also, the root-knot develop-
ment was affected adversely as the root-knot index was of the order of 4*00 and 
3 00 on tomato and eggplant in controls and 2-83 and 116 in margosa intercul-
turcs. The plants grew luxuriantly. The fresh weight of tomatoes was 21 "8, 8-3 
and 13-3 g and that of eggplant 30-7, 183 and 25*1 g respectively when these crops 
were grown alone in autoclaved and naturally infested soil, and in naturally 
infested soil with margosa seedlings (Table 3). 
TABLE 3. Effect of intereuiture of margosa with tomato cv. Marglobc and eggplant cv. Pusa 
Purple Long on nematode population and plant growth in pots. 
Crops 
Tomato alone 
Tomato alone 
Tomato & 
margosa 
Eggplant alone 
Eggplant alone 
Eggplant &. 
margosa 
Margosa alone 
Initial popula-
tion 
AS 
NIS 
NIS 
AS 
NIS 
NIS 
NIS 
NIS 
Hop 
180 
80 
220 
100 
60 
Nematode population/200 g so 
Hel 
100 
100 
120 
80 
80 
Rot Trh 
J80 660 
160 440 
200 720 
100 460 
80 180 
100 80 140 520 
LSD {at 5% level) 
I LSD (ut 1% level) 
Tyl 
180 
100 
100 
80 
60 
120 
Mel 
960 
420 
880 
400 
— 
500 
Oth 
80 
100 
100 
60 
100 
80 
>il 
Total Sap 
2540 1420 
1400 1840 
2340 2140 
1280 2760 
560 2480 
1540 2120 
44-56 
6337 
Weight (g) 
Shoot 
189 
71 
11-5 
26-2 
168 
21-8 
Root Total 
2-9 
1-2 
18 
4-5 
1-5 
3-3 
21-8 
8-3 
133 
307 
18-3 
25-1 
2-54 
3-61 
Root-
knot 
index 
4-00 
2-83 
300 
116 
0-64 
0-96 
Hop^ Hoplotaimus indicus, Hel = Hellcoiytenchus indicus, KoX=-Rotylenchutus reniformls, 
Tx\\ = Tylenchorhynchus brassicae. Tyl = Tylenchiis fili/ormis, Mel—Meloidogyne incognita, 
Oth=OtherTylenchids, Total =Total parasitic, Sao—Total saprozoic, AS=Auioclaved soil, 
NIS==Naturally infested soil. 
When cabbage and cauliflower were grown with margosa seedlings the popu-
lation of stylet bearing nematodes was reduced from 1560 to 1332 and 1200 respec-
tively. The plant growth was better in intereuiture treatments as compared to 
those grown alone. The fresh weight of cabbage was 42-33, 25-33 and 36-29 g and 
of cauliflower 70-50, 36-16 and 49-99 g respectively when these crops grown singly, 
in autoclaved and haturally infested soil, and along with margosa in naturally 
infested soil (Table 4). 
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TABLE 4. Effect of interculture of margosa with cabbage cv. Pride of India and cauliflower 
cv. Snowball on nematode population and plant growth in pots. 
Crops 
Nematode population/200 g soil Weight (g) 
Hop Rot Trh Tyl Tri Total Sap Shoot Root Total 
Cobbage alone 
Cabbage alone 
Cabbage & margosa 
Cauliflower alone 
Cauliflower alone 
Cauliflower & margosa 
Margosa alone 
Initial population 
AS 
NIS 
NIS 
AS 
NIS 
NIS 
NIS 
3700 5-33 42-33 
276 124 2020 120 72 2612 1640 22 33 3 00 2533 
160 32 1040 60 40 1332 2780 3233 466 3699 
5800 12-50 70-50 
240 180 1860 120 96 2496 1720 31-16 500 36-16 
180 140 720 100 60 1200 2700 4283 716 4999 
80 20 240 24 48 412 2020 
128 96 1200 80 56 1560 3546 
LSD {at 5% level) 93-57 533 
LSD at (/% level) 13309 759 
Hop=Hoploiaimus indicus, Rot = Hoiylenchulus reni/ormis, Trb=Tylenchorhynchus brassicae, 
Ty\'-Tylenchus filiformis, "Xn—Trichodoms mirzai. Total—Total parasitic, Sap=Total 
saprozoic, AS=Autoclaved soil, NIS=Naturally infested soil. 
DISCUSSION 
A perusal of results clearly indicates that culture of marigold or margosa 
consistantly inhibited the build up of the population of phytoparasitic nematodes 
even in the presence of congenial hosts. They also inhibited the root-knot develop-
ment. Consequently, resulting in better plant growth. 
The inhibitory effect of these two plant species may be due to certain toxic 
principles present in their root-exudates (Alam e< aZ., 1975). Uhlenbroek and 
IJijioo (1958, 1959) reported tliat roots of Tagetes sp. contain thienyl compounds 
particularly a-terthienyl and derivatives of bithienyl such as [5-(-3-butan-l-ynyl)-2, 
2'-bithienyl] which limit nematode populations. Winoto-Suatmadji (1969) suggested 
that the ncmaticidal principle in marigold is made up of several components in 
addition to thiophenes. Khan f< a/. (1974b) reported that two bitter principles of 
margosa viz., nimbidin and thionimone were highly toxic to plant parasitic 
nematodes. 
Although the mixcropping with margosa seems to be not very practical yet 
the present findings may throw some light on the presence of active principles in 
root-exudates which might be exploited in evolving a better control measure oi 
plant parasitic nematodes. 
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Studies on the nemato-tovicity of root exudates of certain species of Tagetes 
MANSOOR A. SIDDIQUI and M. MASHKOOR ALAM 
Dcparlmcnt ol'Boian>, Aligarli Muslim University, Aligarh-203002, India 
Marigolds {Tagetes spp.) luivc been 
i-portcd to be ncmalo-toxic particularly 
". jHiiulu or 7'. cn-iia (Alain ci nl.. 1975; 
lakker c-/ uL, 1979; Gommers. 1981). In 
iklilion to those, other species such as 
re 
H l al.
a
/' liicida, 7'. inimita and 7. Icmiijclia 
are also grown for 
poses but nothing is 
these arc neniato-toxic 
ornanienial pur-
known whether 
Hence m the prc-inese arc neniato-ioxic. nence miiie pre-
sent paper an attempt has been made to 
detctmine the mortality of plani-parasi-
tic nematodes in root exudates of the 
three species of Tageti's not studied so 
for. 
Root-exudates of T. hnitia I. 
minuta and T. tenuifolia were obtained 
by dipping the root systems of ten 
4-wcek old plants in 50 mi distilled 
water contained in 100 ml conical flask 
(Ahmeial., 1975). The exudates were 
collected after every 12 hr until 5 days 
and were stored in refrigerator. This was 
arbitrarily termed as 'standard' (S) and 
sNas diluted to S/2. S/IO and S/100 by 
adding required amount of distilled water. 
Counted specimens of Hoplohiinuts 
iiHiiais Sher, Helicolylenclius indiius 
Siddiqi and Tylenchus jilijormis Butschli 
were transferred to 10 ml of root-exudates 
of the above concentrations separately 
following the method of Alam (1985). 
Nematodes transferred to distilled water 
served as control. Number of mobile and 
immobile nematodes was counted after 
12, 24 and 48 hr. The nematodes which 
did not regain mobility on transfer to 
water were considered dead and the mean 
per cent mortality was calculated. 
The root-exudates of Tagetes tenui-
folia proved to be more toxic for Hopio-
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liiiui/olia followed by 7'. niuiuia and 
7. lucidu (Fig. 1-3). The iiiortaliiy 
increased with increase in the exposure 
period. Highest mortality of all the 
nematodes was observed in S' concenlia-
tion of the root exudates. Moreover, the 
inoitality decreased wiih increase 
in the dilutions. In S' concentration 
the mortality of different nematodes 
varied, even after exposure of 48 hr. 
The nematodes most susceptible to 
exudates appeared to be Hclicotylcnchus 
indicus followed by Tylcnclvisjili/ormis 
and Hoplolaiiniis Indicus. This is under-
standable as Hoplolaimiis indicus is 
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Effect of Margosa & Marigold Root-exudates on 
Mortality & Larval Hatch of Certain Nematodes 
M. MASHKOOR At AM. ANWAR MASOOD & S. ISRAR HUSAIN 
Section of Plant Pathology & Ncmatolopy. Denarlnicnt of 
Botany. Aligarh Muslim University, Alignrh 20200) 
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Effect of different concentrations of root-exudates of one 
month old margosa and inarii^ old sccdlint-s on mortality of Hoplo-
lainms imiicus, Ilelicotylenchiis indiciis. Rotylenciiulus reniformis, 
Tylcnchorhynclms brassicae. Tylencliiis filiformis and larvae of 
Meloidoqyne incognita, and also on the larval hatching of Melol' 
dogync incognita was studied in vitro. Margosa root-cxudalc was 
found to be more toxic to nematodes and a good inhibitor to 
larval hatch as compared to marigold root-exudate. 
/"IROWING of marigold, intermixed with several 
^-^ crops, or during intervening period between 
the crops, has been practised by farmers in India, 
from time immemorial without exactly knowing its 
significance. Several recent investigations'"'* have 
revealed its scientific basis, and it has now been 
demonstrated that the marigold cultivation reduces 
the population of plant parasitic nematodes to non-
injurious levels resulting in better crop production. 
Alam & Saxcna" have come to the same conclusion 
with regard to cultivation of margosa seedlings also. 
In the present studies, therefore, an attempt has 
been made to evaluate the ePTect of margosa and 
marigold root-exudates on the mortality of some 
nematodes and the larval hatching of Afeloidogyne 
incognita. 
Seven seedlings (1 month old), each of marigold 
(Tagetes erecta L.) and margosa {Azadirachta indica 
Juss.) plants, were dipped for 5 days in 100 ml 
distilled water contained in an Erlenmeycr flask. 
Thereafter, the plants were taken out, and the remain-
ing water was made up to 100 ml by adding required 
amount of distilled water. These solutions were 
arbitrarily termed as standard solutions (S). Several 
dilutions, viz. S/2, S/10, S/100 and 8/1000 were 
prepared from these standard solutions. 
Separate suspensions (5 ml each) of hand picked" 
nematodes containing about 500 specimens of 
Hoplolainuis indiciis Sher, 1963; Helicotylenchus 
//irf/CM5 Siddiqi, 1963; Rotylenciiulus reniformis ISinioxA 
&Oleviera, 1940; Tylenchorhynchus brassicae Siddiqi, 
1961; Tylenchus filiformis Butschli, 1873 and Meloi-
dogyne incognita (Kofoid & White, 1919) Chitwood, 
1949 were poured over 1 cm diam. copper sieve with 
approximate pore size of 30 /urn. The sieve was 
then inverted over a petrldish (40 mm diam.), and 
the nematodes washed down with 5 ml of root-
exudate. This operation was repeated for each con-
centration of root exudates. The number of dead, 
and living, nematodes was counted after 12, 24, 48 
and 72 lir and the percentage mortality calculated. 
The death of nematodes was ascertained by using 
the vital stain, New-blue-R". 
For studying the effect of these root exudates on 
the larval hatch of Meloidogyne incognita, 5 average 
sized healthy and freshly picked egg masses were 
transferred to the petridishes (40 mm diam.) contain-
ing 5 ml of different concentrations of the root 
exudates. Total number of hatched larvae was 
counted after one week. Petridishes with distilled 
water only served as control. All the treatments were 
replicated thrice. 
The data presented in Table 1 show that all the 
concentrations of margosa root exudate were more 
toxic to the nematode species tested than the mari-
gold root exudate. The percentage mortality indicated 
that marigold root exudate was equally toxic to 
Helicotyleiichlus indicus and Rotylenciiulus reniformis 
followed by Tylenchorhynchus brassicae, Tylenchus 
filiformis, Hoplolainuis indicus and larvae of Meloido-
gyne incognita. Margosa root exudate, on the other 
hand, was most toxic to Tylenchorhynchus brassicae 
followed by Rotylenchulus reniformis, Helicotylenchus 
indicus, Tylenchus filiformis, Hoplolaimus indicus and 
Meloidogyne incognita larvae. The toxicity of root-
exudates, both of margosa and marigold, was found 
regularly decreasing with the increase in dilution 
while the percentage mortality was increased with 
the increase in exposure period. 
Results in Table 2 show that all the concentrations 
of root exudates of margosa and marigold were 
inhibitory to the larval hatch oiMeloidogyne incognita. 
However, the highest inhibition was observed in 
S concentrations in which only IIS and 154 larvae 
were hatched out in margosa and marigold root-
exudates respectively as compared to 1115 in distilled 
water. The inhibition of larval hatch was directly 
proportional to the concentrations of root exudates. 
The lowest larval hatch occurred in S and the highest 
in S/1000 concentration. Margosa root exudate, 
like its effect on the nematode mortality, was more 
inhibitory to larval hatch than the marigold root-
exudate. 
The root exudates generally contain many chemical 
compounds, some of which might be toxic or repe-
llent to microorganisms. Many active principles like, 
thiophene from marigold, and nimbidine and 
thionemone from margosa have been extracted. 
Winoto Suatmadji" suggested that nematicidal 
principle in marigold is made up of several com-
ponents in addition to thiophenes. Khan et al.^* 
reported that nimbidine and thionemone were highly 
toxic to plant parasitic nematodes. Margosa is 
commonly and widely distributed throughout the 
country. Its use promises a good, easy, economical 
and indigenous method of nematode control. The 
application of margosa cake and leaves for nematode 
control has already acquired importance'*. 
The authors are greatly indebted to Prof. Abrar 
M. Khan for facilities. 
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TABLE I — PER CENT MORTALITV OF NEMATODES rN DIFFERENT CONCENTRATIONS OF ROOT-EXUDATES FROM MARIGOLD AND 
MARGOSA PLANTS 
[Each value is a mean of 3 replicales. No mortality occurred with distilled water] 
Cone, of exudates from marigold Cone, of exudates from margosa Exposure 
limc(hr) 
12 
24 
48 
72 
12 
24 
48 
72 
12 
24 
48 
72 
12 
24 
48 
72 
12 
24 
48 
72 
12 
24 
48 
72 
S 
28.6 
50.0 
56.5 
72.7 
71.4 
80.0 
80.9 
100.0 
71.4 
80.0 
82.8 
100.0 
66.7 
72.7 
80.0 
88.9 
66.7 
72.7 
75.0 
93.3 
13.1 
36.1 
51.4 
63.3 
S/2 
0 
6.6 
17.2 
23.0 
17.6 
20.0 
25.0 
37.5 
10.0 
20.0 
27.3 
30.4 
50.0 
56.5 
57.1 
61.5 
25.0 
30.8 
37.5 
43.3 
10.1 
16.2 
27.4 
39.4 
S/10 
0 
5.9 
9.9 
11.8 
0 
7.7 
14.3 
14.3 
0 
7.7 
13.0 
13.8 
25.0 
40.0 
50.0 
52.9 
3.8 
9.0 
16.7 
21.1 
6.1 
7.9 
14.6 
20.3 
S/100 S/IOOO 
Hoplolaimus indicus 
0 
0 
0 
5.3 
0 
0 
0 
0 
S 
66.7 
75.0 
95.2 
100.0 
Helicoiylencliui indicus 
0 
4.8 
7.7 
14.3 
Roiyhichidi, 
0 
3.2 
9.1 
13.0 
0 
0 
0 
2.0 
71.4 
75.0 
93.3 
100.0 
It :cnifoimis 
0 
0 
1." 
6.3 
73.7 
87,5 
88.2 
100.0 
Tylencliorliynchiis brassicae 
9.5 
14.3 
16.7 
23.0 
0 
4.8 
6.3 
6.3 
Tylenchus filiformis 
0 
3.2 
3.8 
7.4 
Meloidogy 
0 
5.1 
12.2 
17.9 
0 
0 
1.6 • 
3.2 
100.0 
100.0 
100.0 
100.0 
70.6 
76.5 
77.8 
98.0 
'ne incognita 
0 
4.2 
9.0 
15.3 
14.4 
39.8 
58.3 
76.3 
S/2 
50,0 
55,5 
71.4 
73,3 
52,9 
60,0 
76.9 
86.2 
53.8 
60.0 
62.5 
64.7 
77.8 
88.9 
96.2 
100.0 
55.6 
50.0 
53.3 
58.8 
11.1 
21.1 
33.8 
50.9 
S/10 
16.6 
23.0 
33.3 
38.5 
46.6 
50.0 
57.1 
62.5 
28.6 
30.4 
36.8 
41.2 
61.5 
66.7 
83.3 
96.2 
-
38.5 
42.9 
46.2 
50.0 
0 
11.3 
19.2 
35.7 
S/100 
0 
2.8 
9.1 
13.0 
23.1 
23.8 
28.6 
30.4 
16.7 
28.6 
33.3 
33.3 
50.0 
55.5 
60.0 
66.7 
27.3 
33.3 
36.3 
38.5 
0 
10.5 
15.5 
24.6 
S/IOCO 
0 
0 
3.8 
3.8' 
5.3 
9.0 
16.7 
18.5 
4.4 
16.7 
23.1 
28.6 
27.3 
33.3 
38.5 
38.5 
11.1 
11.1 
20.0 
27.3 
0 
8.3 
13.8 
19.0 
TABLE 2 — CUMULATIVE LARVAL HATCH OF M. incognita IN 
DIFFERENT CONCENTRATIONS OF ROOT EXUDATES 
FROM MARIGOLD AND MARGOSA PLANTS 
Treat-
ments 
[Each value is a mean of 3 replicates] 
Cone, of root exudates 
S/2 S/10 S/100 S/IOOO 
Marigold 
Margosa 
154 
115 
196 
169 
314 
261 
507 
383 
688 
501 
Distilled 
water 
1115 
1115 
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Effect of root-exudates of Neem and Persian lilac on plant parasitic nematodes 
By M. A. SiDDiQUi and M. M. A L A M 
With 2 tables 
Abstract 
Root-exudates of Neem/Margosa and Bakain/Persian lilac 
brought about considerable mortality of Hoplolaimus indicus, 
Helicotylenchus indicus, Tytenchus filiformis, Tylenchorhynchus 
brassicae, Rotylenchulus reniformis and Meloidogyne incognita, 
however, to varying extent. The root-exudate of Neem was 
more toxic to nematodes than that of Bakain. The root-exudates 
also inhibited larval hatch of M. incognita. 
1 Introduction 
Recently much interest has been generated in the 
utilization of Neem/Margosa {Azadirachta indica 
A.Juss.) and its products in nematode control. Soil 
amendment with Neem cake and plant parts has shown 
much promise in achieving this goal ( M U L L E R and 
G o o c H , 1982). Also, interculture of Neem has sig-
U.S. Copyright Clearance Center Code Statement: 0340 — 7 3 3 0 / 8 9 / 6 2 0 2 —0033$02 .50 /0 
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nifiantly reduced plant parasitic nematodes ( A L A M et al., 
1977; SiDDiQui and SAXENA, 1987 a, b). It may be poss-
ible that the root exudate of Neem has some role in the 
suppression of nematode population build-up. This 
aspect has been undertaken with respect to the root-
exudates of Neem and a related species. Bakain/Persian 
lilac (Melia azedarach L.). 
2 Materials and Methods 
Root-exudates were obtained by dipping the root systems of 
10 plants (4-week-old) in 50 ml distilled water contained in a 
conical flask. The exudates were collected after 5 days and the 
volume of water made up to 50 ml, and were designated as 
standard (S). Several dilutions viz., S/2, S/10 and S/100 were also 
prepared from the standard by adding appropriate amounts of 
distilled water. 
Mortality of the test nematodes viz., Meloidogyne incognita 
(Kofoid & White) Chitwood (2nd stage juveniles), Rotylen-
chulus remformis Linford & Oliveira (larvae, males and imma-
ture females), Tylenchorhynchus brassicae Siddiqui (larvae, 
males and females), Hoplolaimus indicus Sher (larvae, males and 
females), Heliocotylenchus indicus Siddiqui (larvae and females) 
and Tylenchus filiformis Butschli (larvae, males and females) in 
different dilutions of root-exudates was determined according 
to the procedure described by ALAM (1985) by transferring 100 
specimens of each to 40 mm diam. Petri dishes containing 5 ml 
solution of root-exudates. Mortality in distilled water served as 
control. There were six replicates for each dilution. The num-
bers of immobile and mobile nematodes were counted after 12, 
24 and 48 h and the mean percent mortality calculated. The 
death of nematodes was ascertained by transferring the 
immobilized nematodes to water for 1 h. 
For studying the effect on larval hatch of M. incognita, 
5-average sized and freshly picked eggmasses were transferred 
to 40 mm diameter Petri dishes containing 10 ml of different 
dilutions of the root exudates. There were six replicates for each 
treatment including distilled water control. The total number of 
hatched juveniles was counted after 5 days and percent inhibi-
tion in the juvenile hatching over control was calculated. 
3 Results and Discussion 
Root-exudates of Margosa and Persian lilac brought 
about considerable mortality of the test nematodes, how-
ever, to varying extent. The root-exudate of Margosa was 
found more toxic than that of Persian lilac. There was a 
linear relationship between the concentration of the root-
exudates and the percent mortality of the test nematodes. 
Among different nematodes, M. incognita was found 
comparatively less susceptible to the root-exudates of 
both the plants (tables 1, 2). 
The toxicity of the root-exudate of Margosa was found 
regularly decreasing with an increase in the dilution 
(table 1). The root-exudate of Margosa was found most 
toxic to R. reniformis and Hel. indicus by bringing about 
100% killing within 48h in S cone. It was followed by 
T.brassicae ( 92%) , Hop. indicus ( 80%) , T.filiformis 
(79 %) and M. incognita juveniles (62 % ) . In S/2 cone, the 
mortality was more than 50 % in all the cases except that 
of M. incognita, where only 29 % juveniles were killed 
after 48 h of exposure. In S/10 cone, the mortality ranged 
between 2 0 — 5 7 % after 48 h of exposure. S/100 cone, 
was found least effective (table 1). 
Table I. Effect of root-exudate of Margosa on the mortality of 
plant parasitic nematodes in vitro (Mean of 6 replicates. No 
mortality occurred in distilled water) 
Nematode 
species 
Hoplolamm 
indicus 
Helicotylenchus 
indicus 
Tylenchus 
filiformis 
Tylenchor-
hynchus 
brassicae 
Rotylenchulus 
reniformis 
Meloidogyne 
incognita 
Expo-
sure 
period 
(h) 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
< 
'/o mortalit; f in 
different dilutions 
of the root-exudate 
S 
47 
55 
80 
65 
69 
100 
60 
71 
79 
73 
83 
92 
69 
73 
100 
17 
36 
62 
S/2 
2i 
33 
69 
44 
53 
73 
57 
63 
68 
53 
59 
73 
51 
62 
79 
5 
19 
29 
Regression 
S/10 S/100 
10 
25 
56 
39 
40 
57 
30 
36 
44 
40 
41 
48 
29 
36 
54 
0 
U 
20 
0 
5 
28 
17 
21 
27 
18 
24 
31 
25 
33 
36 
16 
25 
33 
0 
4 
9 
Y= 15.90 + 11.66(X-2) 
Y= 1912 +13.70 (X-2) 
Y = 46.35 +20.13 (X-2) 
Y = 32,98+15.74(X-2) 
Y = 36.50+ 16.95 (X-2) 
Y = 51.26+ 24.68 (X-2) 
Y = 32.90 +15.90 (X-2) 
Y = 38.74+ 17.99 (X-2) 
Y = 44.54+ 19.33 (X-2) 
Y = 38.10+ 17.30 (X-2) 
Y = 43.41+ 19.23 (X-2) 
Y = 49.50+ 22.00 (X-2) 
Y = 33.02+ 17.23 (X-2) 
Y = 39.18 + 18.37 (X-2) 
Y = 53.12+ 24.55 (X-2) 
Y= 4,39+ 3.86 (X-2) 
Y= 13.88+ 8.60(X-2) 
Y = 24.08+ 14.44 (X-2) 
Similarly, the root-exudate of Persian lilac was most 
toxic to Hel. indicus where 100 % nematodes were killed 
in S cone, within 48 h of exposure period. It was followed 
by R. reniformis (91 % ) , Hop. indicus (84 % ) , T. brassicae 
(83%) , T. filiformis ( 60%) and M. incognita ( 40%) . In 
S/2 concentration Hel. indicus showed 60 % mortality 
after 48 h of exposure. It is followed by 58 % in T. bras-
sicae and 57 % in R. reniformis. In the remaining 
nematodes it ranged between 2 2 — 4 6 % . In S/10 cone, 
the mortality ranged between 1 6 — 4 5 % after 48 h of 
exposure. The S/100 cone, was found least effective as 
not much nematode mortality was observed within 12 h 
and even after 48 h of exposure period the maximum 
mortality was li % only (table 2). 
The root-exudates of both the plants were also found 
inhibitory to the larval hatch of M. incognita, highest 
inhibition being in S cone. The inhibition in larval hatch 
was found directly proportional to the cone, of root-
exudates. Inhibition in larval hatch of M. incognita in S, 
S/2, S/10 and S/100 cone, of the root-exudates of Neem 
over distilled water control was 85, 83, 71 and 4 3 % , 
respectively. The corresponding figures for Bakain were 
84, 82, 70 and 4 4 % . 
The toxic effect of root-exudates of Margosa and 
Persian lilac may be due to certain toxic principles in the 
root-exudates. Many active principles like azadirachtin, 
nimbidine and thionemone from Margosa have been 
reported active nematicidal and nematostatic compounds 
( K H A N et al., 1974; S I D D I Q U I and A L A M , 1988). Besides 
this, Neem is known to contain over 34 bitter principles 
( R A O and PARMAR, 1984), the effects of which, however, 
need further investigation. 
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Table 2. Effect of root-exudate of Persian lilac on the mortality 
of plant parasitic nematodes in vitro (Mean of 6 replicates. No 
mortality occurred in distilled water) 
Nematode 
species 
Hoplolaimui 
indicus 
Helicotylenchus 
indicus 
Tylenchui 
fdiformis 
Tylenchor-
hynchus 
hrassicae 
Rotylenchiilus 
reniformii 
Meloidogyne 
incognita 
Expo-
sure 
period 
(h) 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
c 
'/Q mortality 
different dilul 
in 
ions 
of the root-exudate 
S 
22 
44 
84 
44 
61 
100 
44 
50 
60 
50 
74 
83 
40 
61 
91 
10 
33 
40 
S/2 
10 
33 
36 
17 
40 
60 
23 
36 
46 
25 
39 
58 
24 
26 
57 
0 
14 
21 
S/10 
0 
15 
20 
10 
30 
33 
17 
25 
33 
16 
19 
30 
10 
25 
45 
0 
11 
16 
Regression 
S/100 
0 
9 
10 
0 
5 
14 
5 
10 
11 
0 
10 
16 
0 
20 
23 
0 
0 
6 
Y = 6.30+ 5.30 (X-2) 
Y = 20.38 + 11.31 (X-2) 
¥ = 29.94+19.39 (X-2) 
Y = 14.13+ 10.46 (X-2) 
Y = 27.24+ 15.74 (X-2) 
Y = 41.54 + 24.56 (X-2) 
Y = 17.88 + 10.65 (X-2) 
Y = 24.26+12.63 (X-2) 
Y = 30.10+ 15.46 (X-2) 
Y = 18.16+ 12.56 (X-2) 
Y = 28.10+ 17.55 (X-2) 
Y = 37.38+ 20.89 (X-2) 
Y = 14.70+10.35(X-2) 
Y = 24.36+ 12.83 (X-2) 
Y = 43.36+ 21.60 (X-2) 
Y = 2.00+ 2.00 (X-2) 
Y = 11.68+ 8.06 (X-2) 
Y = 16.56+ 9.57(X-2) 
Zusammenfassung 
Zur Wirkung von Wurzelausziigen von Neem und 
Persischem Flieder auf pflanzenparasitische Nema-
toden 
Die Anwendung von Wurzelauszugen von Neem/Margosa 
und Bakain/Persischer Flieder bewirkte eine betrachtliche Mor-
talitat bei den pflanzenparasitaren Nematoden Hoplolaimus 
indicus, Helicotylenchus indicus, Tylenchus filiformis, Tylen-
chorhynchus hrassicae, Rotylenchulus reniformis und Meloido-
gyne incognita, jedoch in unterschiedlichem Ausmafi. Der Wur-
zelauszug von Neem zeigte mehr Toxizitat auf die Nematoden 
als der Auszug von Bakain. Die Wurzelausziige hemmten auch 
das Schlupfen der Larven bei M. incognita. 
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SECTION-C: 
NEMATiCIDES A ORGANiC AMENDMENTS 
Reprinted from : Indian J. Nematol. Vol. 3. No. 2. September 1913. pp. 148-152 
EFPICACY OF 'VYDATE' OXAMYL FOR THE CONTROL OF 
ROOT-KNOT NEMATODE. MELOIDOGYNE INCOGNITA 
ON EGG PLANT AND OKRA 
BY 
M. MASHKOOR ALAM, ABRAR M. KHAN and S. K. SAXENA 
Department of Botany, Aligarh Muslim University, Aligarh, India 
An attempt has been made to test the efiicacy of 'Vydate' oxamyl or Du Fonts' 1410-L 
[Metliyl N' iV'—Dimethyl—JV—Kmethyl-carbamoyl) oxy]—1—Thiooxamimidate] in controlling root-
knot on eggplant and okra. 
Three-week old seedlings of eggplant var. pusa purple long grown in sterilized soil and also 
in soil naturally infested with larvae of root-knot nematode, Meloidogyne incognita were dipped in 
an aqueous solution of 1200 ppm. a. i. of 'Vydate' oxamyl for 10, 20 or 30 minutes and later trans-
planted in sterilized soil contained in 15 cm claypots. Seedlings from sterilized soil after bare-root 
dip treatments were inoculated with 5000 freshly hatched larvae of root-knot nematode immediately 
after transplantation. Eggplant seedlings previously dipped were also given an extra dose of nematidde 
as foliar sprays of the same concentration at weekly intervals, starting from the day of 
transplantation. Some of the seedlings were given only foliar spray treatments. 
Two-week old seedUngs of okra var. pusa sawani grown in sterilized soil were inoculated 
with 5000 larvae of root-knot nematode and sprayed with aqueous solution of 1200 ppm a. i. of 
oxamyl at weekly intervals without prior bare-root dip treatment. Appropriate controls were run side 
by side. There were three replicates for each treatment. Observations were taken after 90 days in case 
of eggplant and after 60 days in okra. Plants were uprooted and growth and root-knot development 
were measured. The root-knot development was rated as : 0 «= no galling, 1 = light galling, 2 = 
moderate galling, 3 = heavy galling and 4 = severe galling. 
It is evident from Tables I and II that foliar sprays alone were not much effect iveagainst 
root-knot development on eggplant. Even successive five sprays hardly reduced root-knot develop-
mmt. There was significant reduction in the root-knot development in the seedlings dipped for 20 or 
30 minutes followed by foliar sprays. Highest reduction in the root-knot development (0.25, 0.50) 
took place when either inoculated or naturally infested seedlings were dipped for 30 minutes with 
that subsequent five sprays at weekly intervals. 
In okra (Table III), where the seedlings were not given dip treatments, marked reduction in 
root-knot development took place when sprayed five times, however, the reduction was less than 
that on eggplant. 
In nematicide treated plants, growth was also enhanced. Even in 30 minute root-dip 
followed by sprays at weekly intervals, there was no sign of phyto-toxicity. 
The research has been financed, in part, by a grant made by the United States Department 
of Agriculture under PL-480. 
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TABLE I 
Effect of foliar sprays and root-dips of' Vydate' oxamyl on the development of root-knot and growth 
of inoculated eggplant seedlings Var. Pusa purple long. 
Des-
crip-
tion 
Inocu 
lated 
»» 
>» 
»» 
»> 
») 
») 
»» 
iJ 
f* 
>» 
) 
, 
9 
) 
, 
> 
> 
> 
i 
» 
) 
> 
> 
, 
> 
1 
f 
1 
» 
> 
9 
» 
) 
9 
Dip 
time 
(mts) 
- 0 
»» 
»» 
, 
»» 
S I 
»» 
>) 
» i 
I f 
»» 
»» 
10 
9» 
9) 
*> 
)* 
»» 
»» 
»> 
9» 
>> 
)> 
20 
*) 
»> 
»» 
»> 
5> 
„ 
>> 
*f 
99 
19 
99 
30 
99 
Foliar 
I 
+ 
+ 
+ 
+ 
+ 
+ 
-1-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-1-
+ 
+ 
sprays 
II 
+ 
+ 
+ 
+ 
-h 
+ 
+ 
-»-
+ 
+ 
+ 
+ 
H-
+ 
+ 
at weekly intervals 
m IV V 
+ 
+ 
+ 
-1-
-H 
+ 
+ 
+ 
+ 
-1-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-H 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Shoot 
Av. len. 
(cm) 
17.66 
21.00 
20.75 
19.66 
20.00 
18.33 
21.16 
20.33 
18.16 
19.00 
20.25 
20.50 
22.66 
23.83 
23.33 
24.50 
22.50 
24.33 
22.66 
23.16 
26.00 
21.66 
24.00 
23.16 
22.33 
25.50 
24.16 
16.00 
23.66 
24.16 
25.50 
25.16 
26.75 
25.50 
29.16 
27.33 
24.00 
26.33 
Av. wt. 
(g) 
16.00 
17.00 
19.50 
20.33 
19.25 
20.66 
19.16 
20.50 
20.33 
20.50 
20.25 
20.66 
20.16 
20.83 
20.00 
20.00 
21.50 
20.66 
21.16 
22.50 
22.33 
23.50 
24.00 
24.00 
24.16 
23.83 
23.33 
23.50 
23.83 
23.16 
23.33 
24.00 
25.00 
25.50 
25.50 
25.66 
24.33 
24.16 
Av. ten. 
(cm) 
16.33 
12.50 
16.50 
17.50 
18.50 
18.66 
15.66 
13.66 
13.33 
19.50 
20.00 
17.50 
15.66 
18.66 
16.33 
18.66 
18.50 
18.33 
17.00 
19.00 
15.33 
19.00 
19.66 
17.66 
19.66 
16.00 
18.50 
17.25 
16.50 
16.00 
19.33 
16.66 
14.75 
13.00 
18.00 
16.00 
14.66 
15.83 
Root 
Av. wt. 
(g) 
3.33 
2.25 
3.66 
3.66 
3.25 
3.50 
4.50 
4.66 
4.33 
4.00 
• 4.60 
5.50 
5.00 
5.50 
5.50 
5.33 
5.50 
5.83 
5.83 
5.50 
6.00 
6.66 
5.33 
8.50 
5.00 
5.50 
5.33 
5.75 
5.83 
5.50 
5.16 
5.16 
6.80 
6.50 
7.16 
7.90 
6.83 
6.70 
Average 
root 
knot 
index. 
4.00 
3.50 
3.50 
3.50 
3.50 
3.56 
3.83 
3.66 
3.66 
3.25 
3.75 
3.50 
3.66 
3.66 
3.33 
3.66 
3.50 
3.33 
3.66 
3.66 
3.33 
3.66 I 
2.66 
2.83 
3.60 
3.50 
3.66 
3.66 
3.66 
3.83 
3.33 
3.33 
2.25 
2.50 
1.83 
1.16 
. 1.83 
1.33 
(Contd.) 
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>> 
it 
>• 
>• 
» 
5» 
»> 
>» 
>» 
• 9 
Un-
inocu-
lated 
99 
>» 
t ) 
99 
»9 
99 
99 
99 
99 
»9 
0 
+ 
+ 
+ 
+ 
-f-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
L.S.D.(at5%tevel) 
L. S.D. (at 1% level) 
( + ) = sprayed. 
+ 
+ 
+ 
+ 
+ 
+ 
26.83 
25.50 
24.16 
19.66 
27.00 
27.16 
27.83 
21.50 
25.16 
15.50 
28.33 
TABLE n 
24.66 
25.66 
25.16 
25.83 
28.50 
28.50 
28.66 
27.83 
28.66 
28.50 
28.50 
13.33 
15.33 
16.00 
10.66 
14.00 
16.00 
15.66 
12.50 
29.33 
20.00 
27.00 
6.83 
6.80 
6.83 
6.16 
6.33 
6.33 
8.66 
8.16 
8.90 
9.75 
10.66 
1.83 
1.33 
1.66 
1.33 
1.00 
0.66 
0.83 
0.50 
0.50 
0.25 
0.00 
0.078 
0.103 
Effect of foliar sprays and root-d^ of 'Vydate' oxamyl on the development of root-knot and growth 
of natwrally infested eggpltmt seedlings var. Pusa purple long. 
Des- Dip 
crip- time 
tioa (mts) 
Natu-
raUy 
infes-
ted 
»»• 
t f 
S> 
*t 
>t 
»r 1 
9 1 
9t 1 
.. 1 
99 
0 
>9 
f* 
t9 
9 
9 
9 
»9 
9 
> 
9 
9 
0 
9 
Foliar sprays at weekly intervals 
I n in IV V 
+ 
+ 
-»-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-1-
+ 
+ 
+ 
Shoot 
Av. len. 
(cm) 
26.00 
30.00 
18.50 
27.00 
28.00 
21.00 
17.00 
10.00 
30.00 
22.00 
24.00 
26.00 
25.00 
26.00 
Av. wt. 
7.00 
6.50 
8.50 
7.50 
7.50 
7.00 
7.50 
8.00 
10.00 
9.60 
11.70 
11.50 
10.50 
10.00 
Root 
Av. len. Av. wt. 
(cm) (g) 
6.00 
21.00 
8.00 
10.00 
14.00 
7.00 
4.00 
8.00 
15.00 
15.00 
11.00 
16.00 
14.00 
13.00 
2.00 
2.60 
2.75 
2.50 
2.50 
3.00 
2.50 
2.50 
3.00 
2.50 
3.50 
3.00 
3.50 
4.75 
Average 
root-
knot 
index 
4.00 
4.00 
3.50 
3.50 
4.00 
4.00 
3.50 
4.00 
3.50 
3.50 
3.50 
3.50 
3.00 
3.50 
(Contd.) 
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Heal-
thy 
20 
30 
+ + 
+ + 
+ + 
+ + + 
+ + + + 
+ + + + 
+ 
+ + 
+ + 
+ + 
+ + + 
+ + + + 
+ + + + 
+ + 
+ + 
+ + 
+ + + 
+ + + + 
+ + + + 
22.00 
23.00 
29.00 
26.00 
18.00 
22.00 
28.00 
20.00 
26.00 
26.00 
15.00 
27.50 
30.00 
30.00 
28.00 
24.00 
34.00 
30.00 
31.00 
28.00 
29.00 
22.00 
32.00 
31.00 
26.00 
30.00 
36.00 
29.00 
33.00 
32.00 
23.50 
29.00 
30.00 
24.50 
34.66 
8.50 
9.50 
10.50 
9.50 
10.50 
10.00 
10.00 
12.50 
12.50 
13.00 
11.50 
11.90 
11.00 
10.50 
11.80 
12.50 
14.00 
14.50 
14.00 
14.80 
15.50 
15.00 
12.00 
13.00 
13.00 
15.00 
14.00 
14.00 
15.00 
14.00 
15.50 
14.00 
15.50 
16.50 
15.00 
7.00 
9.00 
15.00 
13.00 
12.00 
11.00 
14.00 
7.00 
14.00 
15.00 
15.00 
11.00 
12.00 
16.00 
12.00 
12.50 
12.00 
14.00 
16.00 
9.00 
7.00 
8.00 
7.00 
11.00 
15.00 
15.00 
11.00 
15.00 
12.00 
9.00 
11.00 
12.00 
12.00 
7.50 
17.33 
3.50 
3.25 
3.70 
3.50 
3.50 
4.90 
4.70 
4.50 
5.50 
5.60 
4.00 
3.50 
4.50 
4.00 
4.00 
4.20 
4.20 
5.50 
5.13 
5.50 
4.50 
5.80 
5.15 
5.80 
5.30 
5.50 
5.50 
5.40 
5.80 
5.90 
5.70 
6.40 
6.40 
6.50 
6.50 
3.50 
3.25 
3.50 
3.50 
3.50 
3.50 
3.00 
3.00 
2.50 
2.50 
2.50 
2.50 
2.50 
2.00 
2.50 
2.50 
2.00 
1.50 
1.50 
0.50 
0.50 
0.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.00 
1.00 
1.00 
0.50 
0.50 
0.50 
0.00 
L.S.D.(at5%level) 0.304 
L. S.D. (at 1% level) 0.403 
( + ) = sprayed. 
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TABLEm 
^ect of foliar sprays of' Vydate' oxamyl on the development of root-knot and plant growth ofokra var. 
Sawaiti Pusa. 
Description 
Foliar sprays at weekly intervals 
"1 n ra iv 
Shoot Root Average 
root-
Av. ten. Av. wt. Av. len. Av. wt. knot 
(on) (g) (cm) (g) index 
Inoculated 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
26.0 
39.0 
44.5 
46.5 
44.5 
38.0 
35.5 
45.5 
42.5 
48.0 
53.0 
54.5 
20.5 
34.0 
34.0 
28.0 
27.5 
27.0 
31.5 
33.5 
35.0 
38.5 
39.5 
43.0 
15.0 
29.0 
25.0 
23.0 
25.0 
19.0 
26.5 
26.5 
22.0 
24.5 
36.0 
34.0 
12.0 
18.5 
14.5 
21.0 
15.5 
10.5 
15.0 
14.5 
14.0 
12.5 
17.0 
18.5 
4.00 
3.50 
3.25 
3.50 
3.25 
3.25 
2.75 
2.75 
3.00 
2.50 
2.00 
1.50 
Uninoculated 
L.S.D.(at5%level) 
L. S.D. (at 1% level) 
59.5 53.5 33.0 18.S 0.00 
0.782 
1.063 
( + ) = sprayed. 
so m (45) 
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Efficacy of "Vydate" Oxamyl for the Control of Root-Knot Nematode, Meloidogyne incognita 
(Kofoid & White, 1919) Chitwood, 1949, Attacking Tomato. M. Mashkoor ALAM, Abrar 
M . K H A N and S.K. SAXENA (Section of Plant Pathology & Nematology, Department of Botany, 
Aligarh Muslim University, Aligarh-202001, India) Received May 20, 1975, Botyu-Kagaku, 
40, 159, 1975. 
30. K T h * j Q S t " ' 5 ^ ^ ' ^ I s ^ ^ ^ "5 Meloidogyne incognita (CyPffS "Vydate" 
Oxamyl (DSSi^ M.Mashkoor ALAM, Abrar M . K H A N and S.K. SAXENA (Department of Botany, 
Aligarh Muslim University, India) 50. 5. 20 ^ f l 
I- V h t C ^ S f o * ^ 7 ' * > ? -I •> ' i ^ K ^ t ' o f;*, "Vydate" oxamyl [methyl TV', A^'-dimethyl 
-iV-C(methylcarbamoyl) oxy>l-thiQOXamimidate: l ,200ppm «! : : ^ ^<:] ffiOS5?305>Pigfei/AL-
46f>rL?j:l^ . ^mmmt-:iiX'a3iibii)j'Miiit:t.\ 
The root-knot nematode, Meloidogyne Spp. 
causes enormous losses to vegetables every year 
(Swarup and Seshadri", 1974) and can be regarded 
as pest No. 1 of vegetables in India. D-D and 
some other halogenated hydrocarbons have been 
successfully used as fumigants for the control of 
root-knot (Hart and Maggenti", 1971; Brodie and 
Good^', 1973). However, all these nematocides 
are phyto-toxic and thus require a long waiting 
period before a crop is sown. Recently, some 
systemic nematocides have been used successfully 
for controlling nematodes without being phyto-
toxic. " Vydate" oxamyl (Methyl TV', A'^'-Dimethyl-
Af-C(methylcarbamoyl) oxy^-1-Thiooxamimidate}, 
has been used as drench and foliar applications 
for controlling root-knot, on pole beans and roses 
by Radewald et a/."" (1970) ; on groundnut by 
Dickson and Smart' '(1971). Hart and Maggenti" 
(1971) applied oxamyl to rose root stocks as 
drench, root-dips and foliar spray treatments and 
found that drench treatment was most effective 
against M.hapla. Miller" (1971) found that repea-
ted foliar sprays with oxamyl on gardenia plants 
almost eradicated the root-knot nematode, M. 
incognita and it was as good as drench or bare-
root-dip treatments. Alam et a/," (1973) found 
that a 30 minute root-dip with oxamyl (1,200 ppm, 
active ingredient) followed by five successive 
weekly foliar-sprays reduced the root-knot deve-
lopment on eggplant, however, on okra five 
weekly-sprays alone were not much effective. In 
the present paper, the efficacy of "Vydate" oxamyl 
for the control of root-knot nematode, M. 
incognita on tomato has been reported. 
Materials and Methods 
Three-week-old seedlings of tomato var. Mar-
globe, raised in autoclaved soil, were dipped in 
an aqueous solution of "Vydate" oxamyl (1,200 
ppm, active ingredient) for 30 minutes and later 
transplanted to 10 cm clay-pots having 250 g of 
steam sterilized soil, sand and compost mixture 
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( 7 0 : 2 0 : 1 0 ) , and were immediately inoculated 
with 1,000 freshly hatched larvae of. M. incognita. 
These seedlings were also given an extra dose of 
the same concentration of oxamyl as foliar sprays 
at weekly intervals, starting from the day of 
transplantation. Some of the seedlings were given 
only spray treatment. While spraying care was 
taken, not to allow the chemical to fall on the 
soil. This was done by covering the soil around 
the plant in the pot by blotting paper. Appropriate 
controls were run. Each treatment was replicated 
thrice. Observations were taken 60 days after 
inoculation. System of rating for the root-knot 
index used, was as follows: 0=no galling, 1 =l ight 
galling, 2 = moderate galling, 3 = heavy galling 
and 4 = severe galling. 
Results and Discussion 
As evident from Table 1, thirty minutes root-dip 
treatment in "Vydate" followed by 2, 3, 4 or 5 
weekly-sprays of the nematocide were more 
effective as compared to sprays alone in reducing 
the root-knot development on tomato. Complete 
inhibition in the root-knot development was 
observed when plants were dipped for 30 minutes 
in "Vydate" followed by 5 weekly-sprays of the 
nematocide. The root-knot index on plants dipped 
for 30 minutes was 2.00 and on plants dipped for 
30 minutes followed by 2,3 or 4 spray treatments 
was 1.25, 0.83 and 0.33 respectively as compared 
to 3.00 in control. In none of the plants receiving 
only sprays, there was complete inhibition in the 
root-knot development. The root-knot index, on 
plants receiving sprays alone, was 2.66, 2.33, 
2.50, 2.50 and 2.00 for 1, 2, 3, 4 and 5 sprays, 
respectively. The reduction in root-knot develop-
ment was statistically significant only with 5 
sprays. 
In "Vydate" treated plants there was an overall 
increase in the weight of plants. The increase in 
weight over untreated ones was highly significant 
in plants receiving 5 foliar sprays only and also 
in those dipped for 30 minutes followed by 
different sprays. The plant weights, in treatments 
with 30 minutes root-dip followed by 2, 3, 4 or 5 
foliar sprays, was almost equal to uninoculated 
control, thereby, showing that "Vydate" oxamyl 
can be used for standing crop of tomato without 
any sign of phyto-toxicity. 
Table 1. Efficacy of "Vydate" oxamyl used as root-dips and foliar sprays in 
controlling root-knot on tomato cv. Marglobe. 
S.N. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
L. S. U. 
L.S.D. 
Dip 
time 
(mts) 
0 
// 
ff 
// 
ff 
/f 
30 
// 
// 
ff 
ff 
ff 
0 
{at 5O0 
(at 1^0 
Number 
of 
sprays 
level) 
level) 
0 
1 
2 
3 
4 
5 
0 
1 
2 
3 
4 
5 
0 
Shoot 
6.50 
6.83 
7.66 
7.75 
8.75 
9.83 
10.75 
9.50 
12.00 
11.16 
12.16 
11.33 
11.66 
2.477 
3.356 
Green weight (g) 
Root 
2.50 
2.66 
3.00 
3.43 
3.33 
3.83 
4.00 
4.75 
6.25 
6.00 
6.66 
6.33 
6.16 
1.032 
1.398 
Total 
9.00 
9.49 
10.66 
11.18 
12.08 
13.66 
14.75 
14.25 
18.25 
17.16 
18.82 
17.66 
17.82 
3.096 
4.196 
Root-knot 
index 
3.00 
2.66 
2.33 
2.50 
2.50 
2.00 
2.00 
2.15 
1.25 
0.83 
0.33 
0 
0 
0.525 
0.713 
Nos. 1 to 12= inoculated with root-knot larvae. No. 13=un-inoculated. 
Each value in an average of three replicates. 
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Summary 
"Vydate" oxamyl (1,200 ppm, active ingredient) 
gave a good control of the root-knot nematode, 
Meloidogyne incognita on tomato, when itsed for 
30 minutes as bare-root-dip followed by 5 weekly-
sprays successively. However, 30 minutes' dip 
treatment followed by 2, 3 or 4 sprays reduced 
the root-knot development to a lesser degree. 
Foliar sprays alone, even 5 sprays, were not very 
effective. In all the treated plants with 30 minutes 
root-dip followed by 2, 3, 4 or 5 foliar sprays the 
plant growth was almost equal to untreated 
controls, thereby showing that "Vydate" oxamyl 
is not at all phyto-toxic. 
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SHORT COMMUNICATIONS 
CHEMOTHERAPEUTIC CONTROL OF NEMATODES WITH VYDATE 
OXAMYL, VC-13 AND DAZOMET ON CHILLI PLANTS 
BY 
S. K. SAXENA, M. MASHKOOR ALAM & ABRAR M. KHAN 
Department of Botany, Aligarh Muslim University, Aligarh-202001, India 
The recent discovery of systemic nematicides has stimulated interest in the chemical 
control of plant parasitic nematodes. Alam et al. (197^, b) have reported that Vydate oxamyl 
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{Methyl N'^  N>.Dimethyl-N.[(inethyIcarbamoyl) oxyl-l-Thiooxamimidatc}, VC-13(0-2, 4-dichloro 
phenyl3_, 2.-diethyl phosphorothioate) and Dazomet (3, S-dimelhyltetrahydro-l, 3, 5, 2H, thiadia-
zine-2-thione) gave satisfactory control of root-knot nematode on eggplant, okta and tomato when 
used as bare-root-dips and foliar sprays. In the present studies an attempt has been made to 
evaluate the effect of these nematicides when mixed in the soil and also used as bare-root-dips and 
foliar sprays on the population of nematodes around the roots of chilli and the development of 
root-knot. 
The seedlings of chilli cv. NP-46A were raised in steam sterilized soil-manure mixture. 
The seedlings when 3 weeks old were dipped in 1200 ppm (a.i.) of the nematicides for 15 or 3.0 
minutes and later transplanted to 15 cm clay pots having 1 kg of sterilized soil. The seedlings 
were inoculated with 5000 freshly hatched larvae of the root-knot nematode, Meloidogyne 
incognita. Five sprays, with the same concentration of Vydate, were also made at daily or weekly 
intervals. In another set of experiment the nematicides were mixed with naturally infested soil 
at the rates of 0.5, 1.0 or 2.0 ml per kg of soil. After a waiting period of 15 days, seedlings 
were transplanted. Each treatment was replicated thrice. Final readings for root-knot development, 
nematode population and plant growth were made 60 days after transplantation. Rating of 
root-knot development was done on the following lines : 0=no galling, l=light galling, 
2—moderate galling, 3 = heavy galling and 4=severe galling. 
TABLE I 
Effect of foliar sprays and toot dips of nematicides on the rooi-l<not development and plant 
growth of Chilli cv. NP-46A 
Treatments 
Untreated (S) 
" (I) 
Vydate oxamyl (1) 
*» 
" 
»» 
>> 
»» 
" 
>> 
VC-13 
>1 
Dazomet 
»» 
(1) 
(1) 
(1) 
(I) 
(1) 
(1) 
(1) 
(I) 
(1) 
(1) 
(1) 
Dip time 
(mts) 
0 
" 
f> 
>> 
15 
" 
*> 
30 
»» 
" 
15 
30 
15 
30 
No. of 
sprays 
,— 
— 
5(D) 
5(W) 
— 
5(D) 
5(W) 
— 
5(D) 
5(W) 
— 
— 
— 
— 
Shoot 
24.2 
14.2 
15.0 
14.0 
14.8 
17.5 
16.1 
18.0 
22.0 
20.5 
17.5 
19.5 
16.1 
19.0 
Green weight (g) 
Root 
10 3 
5.3 
6.1 
5.5 
6.1 
7.2 
6.9 
7.4 
8.0 
8.1 
7.2 
8.0 
6.8 
8.3 
Total 
34.5 
19.5 
21.1 
19.5 
20.9 
24.7 
23.0 
25.4 
30.0 
28.6 
24.7 
27.5 
22.9 
27.3 
Root-knot 
Index 
4.(0 
3.00 
3.50 
3.00 
2.J0 
2.66 
2.00 
l.OU 
1.16 
2.66 
1.66 
2.50 
2.00 
So-Sterilized soil 
l-clnoculated with 5000 M. incognita larvae 
D = Daily sprays 
W—Weekly sprays 
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Results presented in Table I show the effect of the three nematicides on the growth of 
chilli plants and root-knot development when applied as root-dips and foliar sprays. Root-dip 
treatmentof 30 minutes in VC-13 gave higher degree of control as compared to other two nemati-
cides. The development of root-knot on chillies dipped for 15 minutes in Vydate, VC-13 or 
Dazomet was of the order of 3.00, 2.66 and 2.S0 respectively whereas on those dipped for 30 minutes 
it was 2.00,1.66 and 2.00 respectively for the corresponding nematicides. When compared the 
root dips and foliar sprays of Vydate, the former gave higher degree of control of nematode. 
Further, the reduction in root-knot was more when Vydate was sprayed daily rather than at weekly 
intervals. However, the combination of both root-dips and foliar sprays was most inhibitory for 
the root-knot development. Highest reduction in root-knot development (1.00) was observed with 
30 minutes root dip followed by successi^  e daily foliar sprays for S times. This reduction was even 
more than thirty minutes root-dip in VC-13. The fresh weight of plants increased as the roof-knot 
development decreased. 
Results presented in Table II show that the soil application of all the three nematicides 
tested reduced the population of all the nematodes in general and Tylenchorhynchus brassicae and 
Meloidogyne incognita in particular. The population of nematodes increased from 2320 
per 200 g of soil to 3240 in untreated control, whereas it was reduced to 1860, 1100 and 480 in 
Vydate oamyl at the rates of 0.5, 1.0 and 2.0 ml per kg soil respectively. The corresponding 
figures for VC-13 were 2020, 1360 and 780 and for Dazomet were 1760, 1020 and 720. It is evident 
from the foregoing that the decrease in population was directly correlated with dozes of nematicides 
used. Thus it can be concluded that Vydate oxamyl gave highest degree of control followed by 
Dazomet and VC-13. The fresh weight of untreated plants grown in sterilized soil was 34.5 g as 
compared to 15.4 g in untreated grown in naturally infested soil. The application of Vydate oxamyl 
stimulated the growth of plants and it increased to 19.2 g, 21.4 g and 28.8 gat 0.5, 1.0 and 3.0 ml 
per kg of soil respectively. Similar results were obtained with VC-13 where the corresponding 
figures were 21.1 g, 25.3 g and 29.4 g. However, the plants treated with higher dozes of Dazomet 
showed phytotoxicity. The fresh weight of plants in Dazomet treated pots was 19.9 g, 22.3 g and 
16.2 g at concentrations of 0.5, 1.0 and 2.0 ml of Dazomet, respectively. 
The treatment with nematicides increased the growth of plants but in no case the increase 
in the weight was comparable to those of imtreated ones grovra in sterilized soil. This may be due 
to the fact that in the former a complete eradication of nematodes was not achieved. 
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CONTROL OF ROOT-KNOT NEMATODE, MELOIDOGYNEINCOGNITA 
(KOFOID & WHITE. 1919) CHITWOOD, 1949 ON TOMATO 
AND EGGPLANT WITH VC-13 AND BASAMID LIQUID 
AS BARE-ROOT-DIP 
BY 
M. MASHKOOR ALAM, S. K. SAXENA and ABRAR M. KHAN 
Department of Botany, Aligarh Muslim University, Aligarh, India 
Recently Alam«f a/. (19^) have reported that 'Vydate' oxamyl reduced the develop-
ment of root-knot on ^gplant and okra when applied as root-dip and foliar sprays without any indi-
cation «rf^  phytotoxicity. Man»lli & Young, Jr. (1957); Young, Jr. et al. (1957) and Mukhopadhyays^ 
(1970) observed that VC-13, when used as draKh and soil mix appUcatiims, reduced the population 
of nematodes. In the piesmt studies VC-13 (0-2, 4-dk;hlorophenyl 0, 0-diethyl phosphorothioate) 
along with Basamid liquid (3, 5-dimethyltetrahydro-l, 3, 5, 2H, thiadiazine-2-thione) have been 
tested as baie^xxM-dips for the control of root-knot caused by Metoidogyne incognita (Kofoid & 
White, 1919) Chitwood, 1949 aa tomato and egg plant. 
Seedlings of tomato var. marglobe were grown in sterilized soil and seedlings of egg)lant 
var. pusa purple long were grown both in sterilized and soil naturally infested with larvae of 
M. incagnita. Seedlings of b(Mh the crops whoi 3 week <M were dipped for 10,20 and 30 minutes in 
0.5% aqueous scdutions of VC-13 and Basamid liquid and were transplanted to 15 cm clay pots having 
1 kg of sterilized soil, sand and compost mixture (70:20:10). The seedlings from sterilized soil after 
nematkndal treatment were inoculated with 5000 freshly hatched larvae of M. Aicognita immediately 
after transplantation. Each treatment was replicated thrice. Appropriate controls were run. 
After 60 days, plant growth and root-knot index were measured (Alam et al.) 
Results presented in Table I show that tha% was a reduction in the development of root-knot 
on tranato with the increase in the duration of dip in both the chemicals. Root-knot index was 
2.83, 2.16 and 1.83 when dipped for 10, 20 and 30 minutes in Basamid liquid and 2.83, 1.83 
and 0.66 in VC-13 for corresponding duration as against 4JX) in undipped plants. VC-13, therrfore, 
IHOved to be better in redudng the root-knot. However, both the nematiddes w«e a little phytotoxic 
at longer durati«m (30 minutes). 
A similar trmd was observed with seedlings of egQ>Iant grown in sterilized soil and 
later inoculated. Although the root-knot development also decreased with increase in the duration 
of dip in the naturally infested seedlings but the reduction was significantly higher than on 
inoculated seedlings. The better performance of the nematiddes in naturally infested seedlings may 
presumably be due to the fact that larvae present inside the roortissue at the time of dip trtafinent 
come in direct contact with chemicals and thus they are killed. 
The research has been financed, in part, by a grant made by the United States Department 
of Agriculture under PL-480. 
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TABLE I 
Effect of FC-13 <md Basamid liquid as bare-root-dips on the development of root-knot and 
growth of tomato var. marglobe and eggplant var. pusa purple long seedlings* 
Crop 
Tomato 
Eggplant 
Eggplant 
Treatment 
Control 
Inoculated 
»> 
»» 
9 1 
»» 
>> 
)» 
Control 
Inoculated 
99 
f » 
I S 
9» 
) 1 
99 
Control 
Naturally 
infested 
I I 
»» 
1 ) 
I I 
n 
1 ) 
Chemical 
— 
Basamid 
liquid 
>> 
VC-13 
*f 
i t 
— 
— 
Basamid 
liquid 
I I 
VC-13 
1 * 
I I 
— 
Basamid 
liquid 
I I 
VC-13 
I f 
l » 
Dip 
time 
mts. 
0 
0 
10 
20 
30 
10 
20 
30 
0 
0 
10 
20 
30 
10 
20 
30 
0 
0 
10 
20 
30 
10 
20 
30 
Shoot 
Av. length 
(cm) 
32.66 
23.00 
25.00 
30.66 
21.66 
26.66 
31.00 
25.66 
29.00 
28.00 
26.00 
27.00 
23.33 
31.00 
25.66 
23.00 
34.66 
26.00 
22.50 
22.33 
25.50 
26.00 
25.33 
49.00 
Root Average 
« . A A * !>-•«.»«' 
1 
Av. weight Av. length Av. weight 
(g) 
15.33 
5.00 
11.16 
14.16 
8.16 
10.66 
14.83 
8.83 
20.50 
12.66 
13.00 
15.66 
16.66 
16.00 
17.83 
17.66 
15.00 
7.00 
6.50 
7.00 
9.50 
8.00 
10.00 
14.33 
(cm) 
20.66 
10.33 
17.00 
18.33 
10.66 
(g) 
3.33 
0.56 
2.16 
2.66 
1.16 
L.S.D. (at 5% level) 
15.33 
19.00 
11.66 
2.66 
3.16 
2.16 
L.S.D. (at 5% level) 
23.00 
21.00 
16.00 
14.66 
15.66 
21.50 
8.66 
14.00 
16.33 
17.33 
L.S.D. (at 5% level) 
18.00 
16.33 
16.33 
16.00 
17.33 
16.33 
L.S.D. (at 5% level) 
17.33 
6.00 
18.00 
15.00 
21.00 
6.50 
2.00 
2.25 
2.50 
4.75 
L.S.D. (at 5% level) 
20.00 
16.00 
20.00 
3.50 
4.16 
5.33 
L.S.D. (at 5% level) 
index 
0 
4.00 
2.83 
2.16 
1.83 
0.89 
2.83 
1.83 
0.66 
0.94 
0 
4.00 
3.50 
2.83 
2.50 
0.29 
3.00 
2.33 
1.66 
0.75 
0 
4.00 
2.75 
0.66 
0.50 
0.08 
3.00 
1.16 
0.66 
0.14 
*Each value is an avnage of three replicates. 
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CONTROL OF PLANT PARASITIC NEMATODES WITH VYDATE, 
VC-13 AND DAZOMET 
BY 
M. MASHKOOR ALAM and ABRAR M. KHAN 
Department of Botany, Aligarh Muslim University, AliKarIi-202001, India 
The present studies were undertaken to investigate the e£Bcacy of cotain nematicide 
when used as soil treatment. Different nematicides viz., Vydate (methyl iV-AT-dimethyl-
^•((mythylcailMmoyl) oxIH-thiooxamimidate), VC-13 (0-2, 4-dk;hlorophenyl O, OdietlQrl|riios 
phorothioate) and Dazomct (3,5-dimethyltetTahydro-l,34t 2H, thiadiazine-2-thione) wore applied 
at the rates of 0.25,0.50 and 1.00 ml per kg naturally infested field soil contained in IS cm. clay 
pots. Each treaiment was replicated thrice. Untreated and sterilized pots served as control. After 
a waiting period of 15 days, three week old seedlings of Unnato cv. Margiobe, ^gplant cv. Pusa 
Purple Long, cabbage cv. Prtdd of India and cauliflower cv. Snowball, raised in autodaved soil, 
were transplanted to these pots; while seeds of okra cv. Pusa Sawani were directly sown. Final 
readings for nematode population, root-knot development and plant growth were made 60 days 
after transplantation. Nematodes were isolated with the help of Oostenbrink's elutriator along-
with Baermann funnel technique (Southey, 1970). The root-knot index was rated as: 0>=no 
'galling, l=ligbt galling, 2=moderate galling, 3=heavy galling and 4«»severe galling. 
The data given in Tables I and 11 clearly show that all^he test nematicides reduced the 
nematode population, the highest reduction was achieved when pbfs^were treated with 1.00 ml of 
the nematicides. VC-13 gave best results in cases of tomato and eggplant, while Vydate was most 
^ficacious in okra, cabbage and cauliflower. 
Similarly, the development of root-knot was adversely affected by nnnattcidal treat-
menis in tomato, eggplant and okra and development was completely soppressed in tomato by 
Vydate and VC-13 and m eggplant by Dazomet at this (k>ze (Table I). 
The growth of all the test plants was adversely affected in untreated-infested soil. 
However, this was considerably improved with nematicidal treatmmts. This shows that the 
improvemcM^ plant growth was due to the reduction in nematode population. It is inteiestiiv 
to note thai^Mio case the increase in plant waght was comparable to untreated-sterilized oaotiol. 
This may be cMe to the fact that in the former a complete eradication of nematodes was not 
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achieved. VC-13 and Dazoinet at 1.00 ml doze showed some pbyto-toxicity in tomato, eggplant 
and cabbage and VC-13 in cauliflower (Tables I and II). These results are in agreement «dth those 
ofSaxena«/a/. (1974). 
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EFFICACY OF NEMATICIDES FOR FIELD CONTROL OF NEMATODES 
INFESTING CERTAIN VEGETABLE CROPS 
BY 
M. MASHKOOR ALAM. ABRAR M. KHAN and S, K. SAXENA 
Dq;>artinent of Botany, Aligarh Muslim University, Aligarh-202001, India 
EflBcacy of nematicides viz., DD, 1. 3-D, DBCP, Pliorate, Fensulfothion and Dime-
thoate was tested against some important genera of plant parasitic nematodes. All these 
nematicides significantly suppressed populations of all the nematodes to varying degrees around 
roots of tomato, eggplant, chilli, okra, cabbage, cauliflower and table beet. Fensulfothion 
proved to be most effective in reducing the population of nematodes around table beet and 
cabbage while DBCP was most successful in tomato and cauliflower and DD in eggplant, chilli 
and okra. Beneficial effects of these nematicides were evident by manifold increase in the 
yield or plant growth. DD gave best results with respect to the plant growth/yield in tomato, 
eggplant, chilli, okra and table beet, Fensulfothion in cabbage and Phorate in cauliflower. 
Effectiveness of nematicides in controlling plant nematodes of different 
crops is well recognised (Wong et al, 1970; Reddy & Seshadri, 1971; Robbins 
et al, 1972; Brodie & Good. 1973; Whitehead et al, 1973; Alam et al, 1975, 
1977; Kirmani et al, 1975,1977). However, evaluation of nematicides has not 
been generally done in vegetable crops and therefore, the present investigations 
were undertaken. 
MATERIALS AND METHODS 
A field naturally infested with moderate populations of Meloidogyne 
incognita, Rotylenchulus reniformis, Tylenchorhynchus brassicae, Hophlaimus 
indicus, Helicotylenehus indicus, Tylenchus filiformis and Trichodotus mirzai was 
prepared and divided into small beds, each measuring 1 sq m. These beds were 
given compost at the rate of 110 kg N/ha. Different nematicides viz., DD (1, 2 
Dichloropropane + 1 , 3 dichloropropene), 1, 3-D/Telone (1,3-Dichloropropene) 
and DBCP/Nemagon 60% EC (1, 2 Dibromo-3-chloropropane) were applied to 
the soil with the help of hand injector at the rates of 450, 225 and 20 1/ba 
respectively; while Phorate lOG (0, 0 Diethyl-S-(ethylthiomethyl) phosphorodi-
thioate), Fensulfothion 5G (0, 0 Diethyl-0-(4 methyl-sulfinyl-phenyl-monothio-
phosphate) and Dimethoate 5G (0, 0 Dimethyl s-CN-methylcarbamoylmethyl) 
phosphorodithioate) were directly mixed with the soil at the rate of 25 kg/ha. 
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Later the field was irrigated. All the treatments were randomly arranged with 
three replications. After three weeks of treatment, seeds of okra {Abelmoschus 
escuhntus Moench.) cv. Pusa Sawani and table beet {Beta vulgaris L.) cv. Globe 
were directly sown and four week old seedlings, raised in autoclaved soil, of 
tomato (Lycopers-'con lycopersicum (L.) Karsten). cv. Marglobe, eggplant 
(Solanum melongena L.) cv. Pusa Purple Long, chilli {Capsicum annuum L.) cv. 
NP-46A, cabbage (Brassica oleracea capitata L.) cv. Pride of India and cauliflower 
{B. oleracea botrytis L.) cv. Snowball were transplanted. Necessary cultivation 
practices were observed. Nematode populations of each treatment were deter-
mined with the help of Oostenbrink's elutriator and Baermann funnels (Southey, 
1970), both prior to treatment as well as at the termination of the experiment 
(three months). 
RESULTS AND DISCUSSION 
All tested nematicides were effective in suppressing nematode populations 
in all the test crops to varying degrees (Table I). In tomato, the highest reduc-
tion in the population was observed with DBCP (61.0%) followed by Dimethoate 
(54.5%), 1, 3-D (53.2%), Phorate (49.4%), FensuJfothion (31.2%) and DD 
(26.0%). DD proved best with eggplant (90.3%) and it was followed by DBCP 
(89.4%), I, 3-D (86.7%), Phorate (80.5%), FensuJfothion (71.7%) and Dime-
thoate (54.9%). DD was most effective also in suppressing nematode populations 
in cbiili (90.8%) and okra (86.6%). In cabbage the highest suppression was noted 
with Fensulfothion (79.3%) followed by 1, 3-D (78.2%), Phorate (77.0%), DD 
and DBCP (69.0%) and Dimethoate (66.7%). DBCP gave highest suppression of 
nematodes around cauliflower (73.6%) followed by DD (65.9%), 1, 3-D (60.4%), 
Fensulfothion (56.0%). Dimethoate (50.5%) and Phorate (48.4%). Highest kill of 
nematodes around the roots of table beet was observed in Fensulfothion (69.6%) 
followed by DD (66.6%) 1, 3-D (56.5%). Dimethoate (46.4%), Phorate (43.5%) 
and DBCP (37.7%). 
Almost all the nematicides increased plant weight/yield of the test crops 
(Table I). DD was most effective in increasing the plant growth/yield of tomato, 
eggplant, chilli, okra and table beet. Highest increase in the weight of cabbage 
was obtained in Fensulfothion and in cauliflower by Phorate. 
The number of different nematodes in untreated beds after cultivation of 
various crops, shows a manifold increase in the population of larvae of the root-
knot nematode, M. incognita when tomato, eggplant, chilli, okra or table beet 
were grown; reniform nematode, Rotylenchulus reniformis when eggplant, okra 
or cabbage were grown; and the stunt nematode, Tylenchorhynchus brassicae 
EFFICACY OF NEMATICIDES ON VEGETABLE CROPS 
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when tomato, cabbage and cauliflower were grown, indicating differential response 
of crops towards nematode populations. It is interesting to note that the efScacy 
of nematicides also differ with different crops. Although all the nematicides resul-
ted in an increase in the plant weight/yield but those highly effective in reducing 
the nematode populations did not necessarily bring about highest increase in 
the yield/plant growth of the crop. For example, Fensulfothion was most 
effective in reducing the populations of Tylenchids around the roots of table beet 
and cabbage, DBCP for tomato and cauliflower; and DD for nematodes of 
eggplant, chilli and okra but the most beneficial nematicide with respect to the 
improvement in plant growth/yield was DD for tomato, eggplant, chilli, okra 
and table beet, Fensulfothion for cabbage and Phorate for cauliflower. 
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EVALUATION OF NEMATICIDES FOR THE CONTROL OF PHYTONEMATODES* 
M. MASHKOOR ALAM, ABRAR M. KHAN AND S. K. SAXENA 
DEPARTMENT OF BOTANY, ALIGARH MUSLIM UNIVERSITY, AUGARH 
The efficacy of DD, telone, nemagone, thimet 10-G, solvirex-B, 5% rogor-G, dasanit 
and 'vydate' oxamyl in reducing tiie nematode population has been determined. All 
the nematicides were effective in suppressing the nematode population around the roots 
of potato, spinach, fenugreek, coriander and garlik, however, their efficacy varied. 
DD and nemagon were highly effective in reducing the nematodes in all the field crops 
tested. The population of root-knot larvae was reduced to zero in DD and nemagon 
treated plots. 
The use of nematicides is the most successful method of nematode control 
and considerable work has been done on the control of nematodes by using DD, 
telone, nemagon and other related halogenated hydrocarbons, both in India and 
elsewhere (see Kirmani et al, 1975). In the present paper the efficacy of the above-
mentioned systemic nematicides, on the control of parasitic nematodes of certain 
crops, has been determined. 
A plot harbouring moderate populations of Hoplolaimus indicus, Rotylen-
chulus reniformis, Tylenchorhynchus brassicae, Tylenchus filiformis, Meloidogyne 
incognita and Trichodorus mirzai, was selected. The plots having been ploughed 
3-4 times and given manure in the form of compost (@ 100 lb nitrogen per acre) 
were divided into 1 sq. meter beds. DD, telone and nemagon were applied at the 
rates of 40, 10 and 2 gallons per acre, respectively, with the help of hand injector, 
whereas thimet 10-G, solvirex-B, 5% rogor-G, dasanit and 'Vydate' oxamyl 
granules were broadcast and mixed into soil at the rate of 10 kg per acre. There 
were three replicates for each treatment. Crops were sown after a waiting period 
•The research has been financed in part, by a grant made by the United States, Department 
of Agriculture under PL-480. 
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TABLE 1. Efficacy of certain neraaticides on the population of phytonematodes around the 
roots of certain crops 
Crop Treatment 
Potato Nemagon 
Thimet-lOG 
Solvirex-B 
5% Rogor-G 
Dasanit 
Vydate oxamyl 
Control 
Initial population 
Spinach D D 
Nemagon 
Thimet-lOG 
Solvirex-B 
5% Rogor-G 
Dasanit 
Vydate oxamyl 
Control 
Initial population 
Fenugreek DD 
Nemagon 
Thimet lO-G 
Solvirex-B 
5% Rogor-G 
Dasanit 
Vydate oxamyl 
Control 
Initial Population 
Coriander DD 
Nemagon 
Thimet-lOG 
Solvirex-B 
5% Rogor-G 
Dasanit 
Vydate oxamyl 
Control 
Initial population 
Garlic D D 
Nemagon 
Telone 
Dasanit 
Thimet 10-G 
5% Rogor-G 
Control 
Initial population 
Hop 
120 
140 
60 
40 
— 
80 
200 
180 
30 
70 
20 
60 
110 
20 
50 
300 
100 
20 
90 
30 
60 
140 
60 
150 
270 
100 
— 
100 
60 
140 
320 
40 
80 
390 
100 
40 
100 
140 
20 
100 
100 
180 
200 
Hop~Hoplolaimus indicus ; 
hrassirnp • Tvi^Tvfpnrhuv fiJifnrmi 
Population of 
Rot 
— 
— 
60 
20 
— 
— 
180 
200 
— 
60 
10 
— 
10 
30 
60 
50 
240 
— 
— 
10 
10 
10 
30 
— 
90 
240 
— 
10 
— 
40 
20 
40 
10 
140 
240 
— 
60 
— 
100 
40 
100 
80 
Tylen 
— 
120 
80 
20 
20 
20 
500 
420 
140 
!20 
210 
290 
300 
230 
340 
780 
740 
60 
100 
480 
470 
230 
160 
30 
1700 
740 
70 
90 
110 
100 
80 
170 
110 
610 
740 
520 
260 
380 
700 
420 
500 
1320 
360 
Rot=Rotylenchului 
1 • M e l \=Melnidoi 
nematodes per 
Tyl 
20 
— 
20 
20 
40 
40 
100 
60 
20 
40 
10 
80 
— 
— 
60 
110 
100 
— 
20 
40 
50 
40 
30 
10 
170 
100 
20 
30 
60 
110 
10 
90 
50 
180 
100 
80 
20 
60 
40 
80 
20 
60 
160 
Mel 
— 
60 
— 
— 
100 
— 
320 
120 
— 
— 
60 
— 
— 
10 
— 
130 
100 
— 
— 
60 
110 
110 
110 
40 
260 
100 
— 
10 
10 
40 
90 
10 
10 
150 
100 
— 
80 
40 
40 
20 
20 
40 
120 
; reniformis ; 
7vne inci lenita la 
200 g soil 
Tri 
— 
— 
20 
20 
— 
— 
100 
80 
10 
40 
70 
40 
50 
20 
40 
100 
100 
10 
30 
70 
110 
40 
60 
40 
150 
100 
30 
— 
10 
40 
10 
30 
10 
70 
100 
20 
120 
60 
20 
60 
20 
400 
80 
Tylen= 
irvae ; 
Total 
140 
320 
240 
120 
160 
140 
1400 
1060 
200 
330 
380 
470 
470 
310 
550 
1470 
1380 
90 
240 
690 
810 
570 
450 
270 
2640 
1380 
120 
240 
250 
470 
530 
380 
270 
1540 
1380 
660 
640 
680 
940 
680 
700 
2100 
1000 
Sap 
1280 
920 
1240 
660 
1300 
300 
1060 
680 
1410 
1670 
1920 
1640 
2240 
1840 
2020 
1720 
1580 
2420 
2000 
2110 
3050 
2900 
2410 
1750 
4340 
1580 
2570 
1930 
2040 
1940 
2030 
2120 
2430 
2430 
1580 
1540 
1420 
1580 
880 
1040 
960 
580 
1600 
Tylenchorhynchus 
Tn^Trichodorus 
mirzai; Sap=Saprozoic ; Total =Total of parasitic forms. 
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of a fortnight. The nematodes were isolated from the soil by using Oostenbrink's 
elutriator and Baerman funnel techniques, and population of nematodes was 
determined both prior to treatm.ent and at the time of termination of the 
experiment. 
It is clear from the results presented in the table 1 that all the nematicides 
tested in the present studies reduced the population of nematodes The initial 
total population of stylet bearing nematodes in the plot of potato {Solanum 
tuberosum L.) was 1060. It was reduced to 140, 320, 240, 120, 160, 140 in 
nemagon, thimet 10-G, soIvirex-B, 5% rogor-G, dasanit and vydate treated 
beds, respectively, whereas in untreated ones it was 1400 per 200 g soil. Highest 
reduction in nematode population occured in 5% rogor-G followed by vydate, 
nemagon, dasanit, solvirex-B and thimet 10-G. The population of Meloidogyne 
incognita larvae became almost zero in nemagon, solvirex-B, 5% rogor-G, and 
vydate treated plots, whereas in thimet 10-G and dasanit treated plots it was 
reduced to 60 and 100 respectively. 
In spinach (Spinacia oleracea L.) plots the highest reduction in total popu-
lation of parasitic nematodes took place in DD, followed by dasanit, nemagon, 
thimet 10-G solvirex-B, 5% rogor-G and vydate ; in fenugreek (Trigonella 
foenum-graecum L.) DD, nemagon, vydate, dasanit, 5% rogor-G, thimet 10-G and 
solvirex-B; in coriander {Coriandrum sativum L.) DD, nemagon, thimet 10-G, 
vydate, dasanit, solvirex-B and 5% rogor-G ; in garlic {Allium sativum L.) 
nemagon, DD, telone, thimet 10-G, 5% rogor-G and dasanit. 
It can, therefore be concluded that DD and nemagon were highly effective 
in reducing the nematode population in all the crops, however, the efficacy of 
other nematicides differed in different crops and no generalization could be made. 
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COMPARATIVE EFFICACY OF NEMATICIDES FOR THE CONTROL OF 
PARASITIC NEMATODES INFESTING CERTAIN VEGETABLE 
AND OIL CROPS* 
M. RIAZ KIRMANI, M. MASHKOOR ALAM, ABRAR M. KHAN AND S. K. SAXENA 
DEPARTMENT OF BOTANY, ALIGARH MUSLIM UNIVERSITY, ALIGARH 
DD, nemagon, thimet 10-G, solvirex B, 5% rogor G, dasanit and vydate oxamyl 
were tested for the control of plant parasitic nematodes around the roots of mustard 
(Brassica nigra Koch.), rocket salad (Eruca saliva Mill.), radish {Raphanus sativus L.), 
turnip (Brassica rapa L.) and carrot {Daucus carota L.). DD proved to be most effica-
cious in all the crops. However, the efficacy of the other nematicides varied with crops 
and with nematodes. 
INTRODUCTION 
Considerable work has been done on the control of nematodes by 
nematicides, both in India and elsewhere (Birat, 1965; Wong et al, 1970; Miller 
and Taylor, 1970; Bergeson, 1971; Raj and Nirula, 1971; Robbins et al, 1972; 
Siddiqui and Khan, 1973, Whitehead et al, 1973; Brodie and Good, 1973; 
Alam et al, 1974). In all these studies the use of nematicides has given satisfactory 
control of nematodes. In India, no work has been done on the control of nema-
todes associated with oil-producing crops, by the application of nematicides. In 
the present investigation, therefore, an attempt has been made to study the efficacy 
of DD, Nemagon and some systemic nematicides and insecticides in reducing the 
nematode population around mustard, rocket salad, radish, turnip and carrot. 
MATERIALS AND METHODS 
A field having a moderate population of plant parasitic nematodes was 
selected and was divided into plots each measuring 1 sq. meter. The plots were 
manured at the rate of 100 lb. nitrogen per acre basis, in the form of farm yard 
compost. DD and nemagon were applied with the help of hand injector at the 
rates of 40 and 2 gallons per acre, respectively, thimet 10-G, solvirex B, 5% 
rogor G, dasanit and vydate oxamyl were mixed with the soil at the rate of 
10 kg per acre and the field was, thereafter, watered. Untreated plots served as 
* The research has been financed, in part, by a grant made by the United States Department 
of Agriculture, under PL-480. 
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control. After a waiting period of 21 days, seeds of black mustard var. special. 
(Brassica nigra Koch.), rocket salad var. local (Eruca saliva Mill.), radish var. 
kannoji white (Raphanus sativus L.), turnip var. early snow ball {Brassica rapa L.) 
and carrot var. early nantes {Daucus carota L.) were sown. The nematode popu-
lation at the begining and at the end of experiment was determined by using 
Oostenbrink's elutriator. There were three replicates of each treatment. 
RESULTS AND CONCLUSIONS 
Results on the efficacy of the nematicides used for the control of nematodes 
infesting the five crops studied are given in tables 1 and 2. For mustard and rocket 
salad all the nematicides reduced the population of the nematodes. In plots 
having mustard the highest reduction in the population occurred in nemagon 
(58-62%) followed by dasanit (55-17%), thimet 10-G (44-82%) and 5% rogor G 
(41-37%), whereas, in rocket salad the highest reduction was observed in thimet 
10-G (92-00%) follov\ed by nemagon (88-00%), dasanit (76-00%) and 5% rogor G 
(20-00%). For results on the efficacy of DD, nemagon, thimet 10-G, solvirex 
B, 5% rogor G, dasanit and vypate oxamyl on the nematode population around 
radish, turnip and carrot also all the nematicides reduced the population of the 
nematodes, however, DD proved to be the most efficacious. Highest reduction 
in population of nematodes around radish was observed in DD (8r08%) 
followed by thimet 10-G (79-72%), vydate oxamyl (75-67%), nemagon (68-91%), 
dasanit (64-86%), solvirex B and 5% rogor G (59-45%). In turnip, highest 
TABLE I. Effect of certain nematicides on the population of nematodes (number/200 g 
soil) around the roots of black mustard and rocket salad. 
Crop Treatments Hop Hel Pra Tylen Dit 
Total % Reduction* Total 
parasitic over saprozoic 
forms control forms 
Black 
Mustard 
Rocket 
Salad 
Nemagon 
Thimet 10-G 
Dasanit 
5% Rogor G 
Untreated 
Nemagon 
Thimet 10-G 
Dasanit 
5% Rogor G 
Untreated 
20 
80 
40 
60 
140 
20 
20 
60 
60 
80 
— 
— 
— 
20 
60 
— 
— 
— 
— 
20 
— 
— 
— 
— 
40 
— 
— 
•— 
— 
20 
200 
240 
180 
220 
280 
20 
20 
60 
280 
300 
20 
— 
40 
40 
60 
20 
— 
— 
60 
80 
240 
320 
260 
340 
580 
60 
40 
120 
400 
500 
58-62 
44-82 
55-17 
41-37 
— 
88-00 
92*00 
76-00 
20 00 
— 
780 
1260 
740 
320 
1440 
300 
260 
280 
1300 
1340 
Initial population 180 120 80 360 100 840 1940 
• = % reduction in parasitic forms ; Hop=Hoplolaimus indicus. Hel=Helicotylenchus indicus, 
Vra,=Pratylenchus coffeae. Ty\en=Tylenchorhynchus brassicae, Dit=Ditylenchus cyperi. 
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TABLE 2. Effect of certain nematicides on the population of nematodes (niiniber/200 g 
soil) around the roots of radish, turnip and carrot. 
Total % Reduction* Total 
Treatments Hop Rot Tylen Tyl Mel Tri parasitic over saprozoic 
forms control forms 
Crop 
Radish 
Turnip 
Carrot 
DD 
Nemagon 
Thimet 10-G 
Solvirex B 
5% Ragor G 
Dasanit 
Vydate oxamyl 
Untreated 
DD 
Nemagon 
Thimet 10-G 
Solvirex B 
5% Rogor G 
Dasanit 
Vydate oxamyl 
Untreated 
DD 
Nemagon 
Thimet 10-G 
Solvirex B 
5% Rogor G 
Dasanit 
Vydate oxamyl 
Untreated 
Initial population 
30 
30 
50 
30 
70 
40 
20 
100 
10 
50 
70 
30 
90 
20 
40 
200 
50 
80 
70 
100 
270 
— 
30 
220 
100 
70 
120 
60 
90 
130 
150 
70 
230 
30 
130 
110 
50 
160 
110 
50 
280 
20 
20 
80 
100 
120 
280 
130 
490 
240 
20 
— 
10 
90 
30 
10 
10 
140 
10 
20 
60 
150 
90 
70 
10 
290 
110 
10 
100 
40 
130 
100 
80 
320 
340 
10 
30 
10 
60 
30 
10 
30 
150 
— 
10 
10 
30 
40 
30 
30 
130 
— 
20 
30 
10 
30 
30 
30 
110 
100 
— 
40 
— 
— 
10 
10 
— 
60 
10 
— 
10 
— 
30 
— 
— 
30 
— 
20 
20 
20 
10 
20 
— 
140 
100 
10 
10 
20 
30 
30 
40 
50 
60 
— 
30 
30 
40 
40 
30 
80 
110 
10 
40 
20 
30 
20 
40 
30 
100 
100 
140 
230 
150 
300 
300 
260 
180 
740 
60 
240 
290 
300 
450 
260 
210 
1040 
190 
190 
320 
300 
580 
470 
300 
1380 
980 
8108 
68'91 
79-72 
59-45 
59-45 
64-86 
75-67 
— 
94-23 
76-92 
72-11 
71-11 
56-73 
75-00 
79-80 
— 
86-23 
86-23 
76-81 
78-26 
57-97 
65-94 
78-26 
— 
— 
1400 
1280 
1720 
1490 
1970 
1760 
2000 
1320 
1300 
1920 
1980 
2060 
1950 
1570 
2550 
1990 
960 
1430 
2100 
1340 
2330 
1490 
1950 
1990 
1580 
*=% reduction in parasitic forms ; Hop=Hoplolaimus indicus, Koi=Rotylenchulus reni-
formis, Ty\en=Tylenchorhynchus brassicae, Ty\ = Tylenchus filiformis, Me\=Meloidogyne incognita, 
Tn=Trichdorus mirazai. 
redviction in the population of nematodes took place in DD (94*23%) follo-
wed by vydate oxamyl (79-80%) nemagon (76-92%), dasanit (75-00%), thimet 
10 G (72-11%), rolvirexB (71-11%) and 5% rogor G (56-73%); in carrot highest 
reduction being observed in DD and nemagon (86-23%) followed by vydate 
oxamyl and solvirex B (78-26%), thimet 10-G (76-81%), dasanit (65-94%) and 5% 
rogor G (57-97%). 
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In untreated plots, there was heavy build up of nematode population around 
turnip and carrot, whereas in mustard, rocket salad and radish the population was 
reduced but not to the extent as with nematicides. This may be due to selective 
effect of the crops. It is [evident from the foregoing that all the nematicides 
included in thepresent investigation, were highly effective against the plant parasitic 
nematodes, however, it varied from crop to crop and also with nematodes. 
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STUDIES ON THE EFFICACY OF NEMATICIDES FOR THE CONTROL 
OF PHYTONEMATODES INFESTING CERTAIN CROPS 
M. RIAZ KIRMANI, M. MASHKOOR ALAM, ABRAR M. KHAN AND S. K. SAXENA 
DEPARTMENT OF BOTANY, ALIGARH MUSLIM UNIVERSITY, ALIGARH 
Infield trials, the efficacy of several nematicides viz., DD, Telone, Nemagon,Thimet-
lOG, Dasanit and 5% Rogor-G was tested against nematodes infesting wheat, pearlmillet, 
sesame, brown hemp and sann hemp. All the nematicides were proved to be toxic 
to nematodes in all the crops, however, the effect varied from crop to crop. DD 
proved to be best in wheat and Thimet-lOG in pearlmillet, whereas in the remaining 
crops Nemagon gave best results. 
INTRODUCTION 
Several workers have studied the influence of nematicides on the activity 
of plant parasitic nematodes occurring in soil (Wong et al., 1970; Miller and 
Taylor, 1970; Bergeson, 1971; Robins et aL, 1972; Brodie and Good, 1973; Siddiqui 
and K h a n , 1973; Whitehead et aL, 1973; Kirmani et aL, 1975; Alam et aL, 1975). 
I n these studies the nematicides have been proved to be efficient means for the 
control of phytonematodes. The present investigation deals with the effect of 
certain nematicides for the control of nematodes attacking certain crops, not 
tried yet. 
MATERIALS AND METHODS 
A field having moderate population of plant parasitic nematodes and 
manured with compost (@ 110 kg N/ha) was thoroughly ploughed and divided 
into 1 sq meter beds. D D (1, 2 Dichloropropane + 1 , 3 dichloropropene), 
Telone ( 1 , 3 Dichloropropene) and Nemagon/D.B.C.P. ( 1 , 2 Dibromo-3-ch loro-
propane) were injected (15 cm deep) to the soil at the rates of 450, 225 and 20 
1/ha respectively; and Thimet - IOG/Phora te (0, O-Diethyl-S-(ethylthiomethyl) 
phosphorodithioate) , Dasanit/Fensulfothion (0, 0-Diethyl-O (4-methylsulfinyl-
phenyl-monothiophosphate) and 5% Rogor -G/Dimethoa te (0, 0-Dimethyl-S-(N-
methylcarbamoylmethyl) phosphorodithioate) were mixed with the soil at the 
rate of 25 kg/ha. Thereafter the beds were waterd. All the t reatments along-
with untreated control were randomised and replicated .thrice. Seeds of wheat 
{Triticum aestivum L.) , pearlmillet/bajra [Pennisetum typhoides Stapf.), sesame/til 
{Sesamum indicum L. ) , brown hemp/patsan {Hibiscus canabinus L.) and sann hemp/ 
ph.\xha.n {Crotalaria juncea'L.) were sown after 3 weeks of t reatment . Nematoda 
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populations before treatment and after 5 months (in wheat) and 3 months (in 
other crops) of sowing were estimated by using Oostenbrink's elutriator and 
modified Baerman funnel techniques (Southey, 1970). 
RESULTS AND DISCUSSION 
It appears, on the basis of nematode multiplication in untreated beds, 
that wheat, pearlmillet and sesame were good/moderate hosts for Hoplolaimus 
indicus; wheat, pearlmillet, sesame and brown hemp for Tylenchorhynchus brassicae; 
sesame and brown hemp for Meloidogyne Sp.; sesame and brown hemp for Heterodera 
Sp.; and wheat for Trichodorus mirzai (Table 1). On the other hand; brown 
hemp and sann hemp did not support the multiplication of H. indicus, therefore 
were poor hosts for this nematode. Similarly, sann hemp was poor host for 
T. brassicae, wheat for TyUnckus fiUiformis; wheat, pearlmillet and sann hemp for 
Meloidogyne Sp.; and pearlmillet and sann hemp for Heterodera Sp. 
Results of nematicidal application on nematodes infesting different crops 
are given in Table 1. Nematicides behaved differently with the nematodes in 
different crops. In wheat highest reduction in total parasitic forms (61'64%) 
was achieved by DD, which was followed by Thimet-lOG (52'05%), Dasanit 
(49-31%), Telone (4b-57%) and 5% Rogor-G (32-87%). In pearlmillet, Thimet-
lOG gave highest reduction (73-33%) followed by Nemagon (6222%), DD 
(60.00%), Telone (55-55%), Dasanit (53-33%) and 5% Rogor-G (31-11%). In 
remaining three crops i.e. sesame, brown hemp and sann hemp, Nemagon proved 
to be the best in reducing the population of plant parasitic nematodes as much 
as 8255%, 84-72% and 6875% respectively. Nemagon, in order of efficiency, 
was followed by DD (8023%), Dasanit (75-58%), Telone (60-46%), Thimet-lOG 
(56-97%) and 5% Rogor-G (46-51%) in sesame; by 5% Roger-G (7361%), 
Telone (70-83%), DD (52-77%), Thimet-lOG (45-83%) and Dasanit (41-66%) in 
brown hemp; and by Dasamt (6250%), DD (56 25%, Telone and Thimet-lOG 
(50-00%) and 5% Rogor-G (43-75%) in sann hemp. 
It is clear from the above findings that all the nematicides tested, 
considerably controlled the phytonematods in all the crops. In wheat, highest 
inhibition was achieved by DD and in pearlmillet, by Thimet-lOG. In sesame, 
brown hemp and sann hemp, Nemagon proved to be the best. Interestingly 
5% Rogor-G, which was least effective in four crops, was second to Nemagon in 
brown hemp. The present findings, in a way, may be of great help in selecting 
a suitable nematicide to control the nematodes infesting these test crops. 
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TABLE 1. Population of nematodes infesting some cultivated crops as influenced by nematicidal 
treatments. 
Population of nematodes per 200 g soil 
Crops/Treatments — • 
Hop Hel Trh Tyl Mel Het Aph Tri Total %Reduction Sap 
V/he&t (Triticum aestivum)* 
DD ^ 180 — 260 60 40 — — 20 560 6164 1580 
Telone 340 — 300 40 20 — — 80 780 4657 1880 
Nemagon 380 — 320 120 40 — — 60 920 3698 1840 
Thimet-lOG 300 _ 280 60 20 - - 40 700 5205 1440 
Dasanit 220 — 360 60 40 — — 60 740 4931 1650 
5%Rogor-G 380 — 480 20 20 — — 80 980 32-87 1920 
Untreated 600 — 620 60 60 — — 120 1460 1180 
Pearlmillet (Pemisetum typhoidesf* 
DD 60 — 280 — 20 — — — 360 6000 500 
Telone — 20 360 — — — — — 400 5555 480 
Nemagon 20 — 320 — — — — — 340 6222 660 
Thimet-lOG 60 — 180 — — — — — 240 7333 960 
Dasanit iso — 240 — — — — — 420 53-33 660 
5%Rogor-G 180 — 440 — — — — — 620 3111 700 
Untreated 200 20 580 — 40 — 60 — 900 620 
Sesame (Sesamum indicum)** 
DD 60 20 120 — 120 20 — — 340 8023 180 
Telone _ _ 640 — 40 — — — 680 6046 440 
Nemagon 20 — 280 — — — — — 300 8255 500 
Thimet-lOG 40 — 660 — 40 — — — 740 5697 420 
Dasanit 160 — 240 — 20 — — — 420 75-58 400 
5%Rogor-G 80 — 380 — 420 20 — — 900 4651 540 
Untreated 180 80 720 — 520 140 80 — 1720 720 
Brown hemp (Hibiscus canabinus)** 
DD — 20 460 — 100 — 100 — 480 5277 440 
Telone 100 — 260 _ 40 — 20 — 420 7083 960 
Nemagon _ _ loo — 100 20 — — 220 8472 120 
Thimet-lOG 60 20 460 — 60 180 — — 780 4583 380 
Dasanit 60 20 220 — 520 20 — — 840 4166 200 
5%Rogor-G 40 — 120 — 200 20 — — 380 7361 400 
Untreated 120 40 500 — 500 200 80 — 1440 400 
Sannhemp (Crotalaria juncea)** 
DD 20 20 100 — — — — — 140 56-25 240 
Telone 40 20 100 — — — — — 160 5000 440 
Nemagon — _ 100 — — — — — 100 68-75 1180 
Thimet-lOG 20 20 100 — 20 — — — 160 5000 680 
Dasanit 20 — 100 — — — — — 120 6250 640 
5%Rogor-G 100 — 80 — — — _ _ 180 43-75 620 
Untreated 120 20 140 — 40 — - _ 320 740 
•Initial pop. loO — 360 160 120 ^ — 80 920 1600 
••Initial pop. 120 80 140 60 40 100 40 — 600 580 
Hop=Hophlaimus indicus, Hel=Helicotylenchus indicus, lih=Tylenchorhynchus brassicae, 
1y\=Tylenchus filiformis. Mel=Meloidogyne larvae, Hct=^Heterodera larvae, Aph=Aphelenchus 
avenae, Tii^Trichodorus mirzai, Total=Total parasitic, % Reduction=Per cent reduction of 
parasitic forms over untreated control, Sap=Total saprozoic 
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INFLUENCE OF PLOUGHING ON THE EFFICACY OF ALDICARB AND CARBOFURAN 
AGAINST ECTO-PARASITIC NEMATODES 
M. MASHKOOR AIAM 
Depar tmen t o f Bo tany , 
A l l g a r h Muslim U n i v e r s i t y , A l i g a r h - 2 0 2 0 0 2 , I n d i a 
S o i l a p p l i c a t i o n o f a l d i c a r b a t 1 kg a . i . / h a e f f e c t i v e l y 
c o n t r o l l e d Hoplo la imus i n d i c u s , Ty lenchorhynchus b r a s s i c a e , 
Ty lenchus f i i i f o r m i s and T r i c h o d o r u s m i r a a j i n f e s t i n g whea t , 
b a r l e y , T inseed and tomato ; wh i l e c a r b o f u r a n a t same dose b r o u g h t 
a b o u t s i m i l a r r e s u l t s a g a i n s t t h e s e nematodes and H e l i c o t y l e n c h u s 
i n d i c u s on the above c r o p s and a l s o on o a t . S i m i l a r l y deep 
p l o u g h i n g (30 cm d e e p ) s u p p r e s s e d nematode p o p u l a t i o n b u t i t was 
l e s s t h a n t h a t o b t a i n e d by n e m a t i c i d e s . However, t h e e f f i c a c y of 
t h e n e m a t i c i d e s was enhanced by deep p l o u g h i n g t r e a t m e n t . As a 
consequence of r e d u c t i o n i n nematode p o p u l a t i o n , p l a n t g r o w t h / 
y i e l d improved , h i g h e s t b e i n g i n n e m a t i c i d e + deep p l o u g h i n g 
t r e a t m e n t fo l lowed by n e m a t i c i d e (w i th normal p l o u g h i n g ) , and 
deep p l o u g h i n g a l o n e . 
INTRODUCTION 
A s u r v e y o f A l i g a r h and a d j o i n i n g d i s t r i c t s of w e s t e r n U t t a r 
P r a d e s h , a n o r t h e r n p r o v i n c e of I n d i a , r e v e a l e d c o n s i s t a n t a s s o -
c i a t i o n of e c t o - p a r a s i t i c nematodes such a s Hoplo la imus i n d i c u s 
She r , r f e l i c o t y l e n c h u s i n d i c u s S i d d i q i , Ty lenchorhynchus b r a s s i c a e 
S i d d i q i , Tylenchus f i i i f o r m i s B u t s c h l i , T r i c h o d o r u s m i r z a i S i d d i q i , 
e t c . w i th a wide v a r i e t y of c r o p s i n c l u d i n g c e r e a l s , o i l c r o p s , e t c . 
P a t h o g e n i c i t y of t h e s e nematodes of 68 e c o n o m i c a l l y i m p o r t a n t 
c r o p s has been r e p o r t e d by Alam ejb a l . , (1978, 1 9 7 9 ) . Th i s prompted 
the a u t h o r t o s t u d y t h e e f f i c a c y of two ca rbamate compounds, v i z . , 
a l d i c a r b and c a r b o f u r a n a g a i n s t commonly o c c u r r i n g e c t o - p a r a s i t i c 
nematodes i n r e l a t i o n t o p l o u g h i n g . 
MATERIA!^ & METHODS 
H f i e l d h a r b o u r i n g good p o p u l a t i o n d e n s i t i e s of e c t o -
2 p a r a s i t i c nematodes was s e l e c t e d . I t was d i v i d e d i n t o 3 m beds 
each s e p a r a t e d by 0 . 5 m wide b u f f e r a r e a . A l l t he beds were g iven 
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urea (@ 110 kg N/ha) , superphosphate (@ 55 kg P / h a ) , and murate 
of potash (@ 55 kg K/ha) . Fbr each c rop , t he re were four 
d i f f e r e n t kinds of t r ea tmen t : normal ploughing (15 cm deep) 
a l o n e , deep ploughing (30 cm deep) a l o n e , nematicide + normal 
ploughing, and nematicide + deep p lough ing . The nemat ic ides 
included in the study were a l d i c a r b (2 -me thy l -2 - (me thy l th io ) 
propionaldehyde 0-methyl (carbamoyl) oxime), and ca rbo ih ran 
(2 ,3 -d ihyd ro -2 , 2-dimethyl-7-ben2ofuranyl methylcarbamate) , which 
wei^ app l i ed a t the r a t e of 1 kg a , i . / h a . Each t r ea tmen t was 
r e p l i c a t e d s ix t imes which were ar ranged in a randomized manner. 
Af te r t r ea tment the beds were watered, and the seeds of wheat 
(Tri t icum aestivum L. ) cv, K-68, ba r l ey (Hordeum vulgar^ L. ) cv . 
K-578/2, oa t (Avena s a t i v a L.) cv . Local, and l i n seed (Linum 
us i t a t i s s imum L. ) cv . Local were sown a f t e r a wa i t ing pe r iod of 
one week. In case of tomato (Lycoperslcon esculentum M i l l . ) cv . 
Marglobe, 3-wk o ld s e e d l i n g s were t r a n s p l a n t e d . Af te rca re such 
as water ing , weeding, e t c . were done when n e c e s s a r y . Experiment 
was terminated a f t e r 4 months. In case of tomato p l a n t growth 
was noted by weighing shoot and r o o t , while i n o t h e r crops y i e l d / 
ha was de termined . Final popu la t ion of nematodes was determined 
by p rocess ing thoroughly mixed r e p r e s e n t a t i v e s o i l sub-samples of 
200 g each through Cobb's s i e v i n g & decan t ing and Baermann funnel 
t echniques (Southey, 1986). 
RESULTS & DISCUSSION 
In un t rea ted-normal ploughed (15 cm deep) beds a l l the e c t o -
p a r a s i t i c nematodes m u l t i p l i e d on a lmost a l l the c r o p s , however, 
to va ry ing e x t e n t (Tfeibles 1,2) , whereas deep ploughing (30 cm 
deep) s i g n i f i c a n t l y checked the m u l t i p l i c a t i o n r a t e but the 
popu la t ions were more than the i n i t i a l l e v e l . S o i l a p p l i c a t i o n 
of both the nemat i c ides , on the o t h e r hand, brought about s i g n i -
f i c a n t c o n t r o l of a l l the e c t o - p a r a s i t i c nematodes p r e s e n t in 
the exper imental f i e l d , i r r e s p e c t i v e of mode of p lough ing . 
However, the deep ploughing combination with the nemat ic ides gave 
much b e t t e r r e s u l t s than t h a t with normal ploughing (Tfeibles 1 ,2) . 
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TABUE 1 
Combined e f f e c t of a l d i c a r b and ploughing (normal/deep) on the popu la t ion of 
p lan t -pa ra s i t i c nematodes and crop y i e ld /p l an t growth. 
Crop 
Wheat 
c v . 
K-68 
B a r l e y 
c v . 
K-578/2 
L inseed 
c v . 
Loca l 
Toma t o 
c v . 
Marglobe 
T r e a t m e n t s 
Nemat ic ide 
U n t r e a t e d 
1 1 
T r e a t e d 
t t 
P l o u g h i n g 
Normal 
Deep 
Normal 
Deep 
C . D . ( P = 0 . 0 5 ) 
(P=0.01 ) 
U n t r e a t e d 
T r e a t e d 
ti 
Nonnal 
Deep 
Normal 
Deep 
C . D . ( P = 0 . 0 5 ) 
(P=0 .01 ) 
U n t r e a t e d 
T r e a t e d 
Normal 
Deep 
Normal 
Deep 
C . D . ( P = 0 . 0 5 ) 
( P = 0 . 0 1 ) 
U n t r e a t e d 
II 
T r e a t e d 
II 
Normal 
Deep 
Normal 
Deep 
C . D . ( P = 0 . 0 5 ) 
( P = 0 . 0 1 ) 
I n i t i a l p o p u l a t i o n 
Nematode 
Hop 
140 
120 
70 
30 
100 
120 
55 
15 
95 
100 
45 
35 
80 
50 
60 
30 
30 
Trh 
265 
260 
125 
80 
185 
160 
85 
75 
200 
160 
105 
55 
275 
24Q 
130 
150 
180 
p o p u l a t i o n / 2 0 0 g 
Tyl 
65 
65 
25 
25 
25 
35 
25 
40 
40 
15 
15 
30 
15 
10 
15 
25 
T r i 
A5 
25 
25 
35 
25 
15 
15 
15 
35 
25 
5 
75 
30 
30 
30 
40 
T o t a l 
515 
470 
245 
170 
1 9 . 8 2 
3 0 . 0 3 
335 
330 
180 
105 
5 .38 
8 . 1 6 
370 
325 
170 
105 
10 .03 
1 5 . 2 0 
460 
335 
230 
225 
9 . 5 4 
1 4 . 4 6 
275 
s o i l 
Sap 
215 
295 
345 
280 
625 
535 
335 
465 
320 
385 
375 
335 
255 
360 
230 
270 
320 
Y i e l d / h a • 
o r p l a n t 
w e i g h t * * 
( k g ) 
1 0 4 0 . 4 4 * 
1243 .57 
1355 .70 
1525 .74 
3 5 . 2 4 
5 3 . 3 8 
1 2 5 0 . 0 0 * 
1 4 6 4 . 1 5 
2514 .71 
2865 .81 
4 6 . 7 4 
7 0 . 8 0 
4 2 0 . 9 6 * 
4 3 0 . 1 5 
5 1 7 . 4 6 
577 .21 
2 2 . 2 9 
3 3 . 7 7 
0 . 1 6 7 * * 
0 . 2 0 9 
0 .251 
0 . 2 7 5 
0 . 0 1 5 
0 .022 
Each value i s an average of 6 r e p l i c a t e s . 
Hop = Hoplolaimus indicus, Trh = Tylenchorhynchus brass icae , Tyl 
fi l iform i s . Tri = Trichodorusmirzai. Total = Total p a r a s i t i c , 
Sap = Total saprozoic. 
Tylenchus 
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TABLE 2 
Combined e f i e c t o f c a r b o f u r a n and p l o u g h i n g ( n o r m a l / d e e p ) on the p o p u l a t i o n 
of p l a n t - p a r-a s i t i c nematodes antl c rop y i e l d / p l a n t g r o w t h . 
Crop 
Wheat 
c v . 
K-68 
B a r l e y 
c v . 
K-578/2 
Oat 
c v . 
Loca l 
L inseed 
c v . 
Loca l 
Tomato 
c v . 
Ma r g lobe 
T r e a t m e n t s 
Nemat lc ide Ploughing; 
U n t r e a t e d Normal 
'• Deep 
T r e a t e d Normal 
" I)eep 
C . D . ( P - 0 . 0 5 ) 
(P=O.Ol) 
U n t r e a t e d Normal 
" Deep 
T r e a t e d Normal 
" Deep 
C D . (P=0.05) 
( | ^ 0 . 0 1 ) 
U n t r e a t e d Normal 
" Deep 
T r e a t e d Normal 
" Deep 
C . D . ( P = 0 . 0 5 ) 
( ^ 0 . 0 1 ) 
U n t r e a t e d Normal 
" Deep 
T r e a t e d Normal 
•' Deep 
C . D . ( ^ 0 . 0 5 ) 
( i^O.01 ) 
U n t r e a t e d Normal 
" Deep 
T r e a t e d Nonnal 
" Deep 
C . D . ( P = 0 . 0 5 ) 
( ^ 0 . 0 1 ) 
I n i t i a l p o p u l a t i o n 
Ne 
Hop 
85 
^5 
25 
?5 
25 
55 
15 
125 
65 
65 
k3 
120 
105 
15 
20 
55 
55 
*^5 
15 
35 
matode p o p u l a t i o n / 2 o O g so 
Ifel 
85 
75 
15 
15 
5 
15 
-
15 
-
-
15 
20 
5 
-
20 
Trh 
180 
120 
A5 
10 
135 
1A0 
105 
85 
160 
120 
95 
65 
225 
205 
105 
65 
195 
200 
105 
45 
125 
Each v a l u e i s an a v e r a g e o f 6 r e p l i c a t e s . 
Hop = Hoplo la imus i n d i c u s . Hel = I l e l i c o t v l e n c h u s 
b r a s s i c a e . IVl = Tvlenchus f i l i f o r m i s , T r i = T r i 
Tyl 
15 
15 
55 
25 
25 
15 
35 
25 
40 
15 
35 
25 
15 
60 
65 
25 
25 
15 
T r i 
5 
15 
25 
5 
5 
40 
25 
-
15 
5 
- . 
40 
40 
15 
5 
10 
i n d i c u s , 
chodorus 
T o t a l 
395 
270 
85 
65 
10 .60 
1 6 . 0 5 
245 
225 
185 
120 
8 . 1 5 
1 2 . 3 4 
375 
235 
200 
125 
9 .03 
13 .68 
400 
350 
145 
115 
9.51 
14.41 
370 
365 
190 
90 
6 . 5 8 
9 . 9 7 
205 
Trh » ' 
m i r z a i . 
i l 
Sap 
320 
200 
215 
255 
280 
320 
255 
255 
200 
255 
320 
220 
385 
280 
400 
295 
200 
105 
200 
160 
560 
Y i e l d / h a * 
o r p l a n t 
w e i g h t * * 
(kg) 
7 9 0 . 6 3 * 
8 7 9 . 1 4 
9 0 9 . 6 8 
9 5 3 . 6 8 
1 8 . 8 4 
2 8 . 5 4 
1 1 1 0 . 2 5 * 
1322 .46 
1573 .50 
1713 .25 
5 4 . 3 7 
8 2 . 3 7 
8 7 9 . 9 2 * 
1193 .06 
1188.41 
1356.11 
16 .30 
2 4 . 6 9 
2 1 4 . 2 9 * 
2 8 7 . 7 9 
290 .63 
3 1 0 . 5 6 
9 . 0 5 
13 .72 
0 . 1 3 5 * * 
0 . 1 5 8 
0 .193 
0 .201 
0 . 0 1 7 
0 .026 
IVlenchorhvnchus 
T o t a l " T o t a l p a r a s i t i c , Sap = T o t a l s a p r o z o i c . 
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Plan t g rowth /y ie ld improved in deep ploughed beds compared 
with normal ploughed ones . However, neraat ic ides gave much b e t t e r 
r e s u l t s which fu r the r improved in the nematic ide ••• deep ploughing 
combination (ifeibles 1 ,2 ) . 
The t e s t nemat i c ides , a l d i c a r b and carbofuran, have given 
good r e s u l t s in c o n t r o l l i n g a wide v a r i e t y of nematodes on 
v a r i o u s crops (Van Berkum & Hoestra , 1979) . In the p r e s e n t study 
a l s o they have s i g n i f i c a n t l y suppressed the popu la t ions of some 
e c t o - p a r a s i t i c nematodes i n f e s t i n g wheat, b a r l e y , o a t , l i n s e e d 
and tomato, and have improved p l a n t g r o w t h / y i e l d . I t i s gene ra l ly 
accepted t h a t carbamate nemat ic ides k i l l nematodes by c o n t a c t 
a c t i o n . They impair nematode neuromuscular a c t i v i t y r e s u l t i n g in 
reduced movement, invas ion and feeding, and consequent ly t h e i r 
m u l t i p l i c a t i o n (Evans, 1973; Nelmes ejb a l . , 1973; Van Berkum & 
Hoestra , 1979). The nematodes may a l s o be k i l l e d by systemic 
a c t i o n while f ee l i ng on roo t t i s s u e above the p o i n t of t o x i c a n t 
abso rp t i on (Van Berkum & Hoestra, 1979) . 
The e f f i cacy of the t e s t nemat ic ides was f u r t h e r enhanced by 
g iv ing a d d i t i o n a l treatanent of deep p loughing . I h i s i s under -
s tandab le s ince deep ploughing i s known to give g r e a t s t r e s s on 
nematodes by way of s o i l d i s t u rbances and by exposing them for 
more d e s i c c a t i o n (Khan e_t al_., 1985) . Waldmann (1971), Parker 
e t . a]^. (1975), Thomas (1978) and Khan & Saxena (1980) have a l s o 
found ploughing to adve r se ly a f f e c t the popu la t ion of nematodes. 
The improvement i n p l a n t g rowth /y ie ld i n n e m a t i c i d e - t r e a t e d beds 
can be c o r r e l a t e d with the suppress ion of nematode p o p u l a t i o n . 
However, i n case of deep ploughing t r ea tmen t the b e n e f i c i a l 
e f f e c t s on p l a n t g rowth /y ie ld may a d d i t i o n a l l y be due to improved 
roo t volume as has been suggested by Norton (1978), 
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IMUIA 
An a t t o m p t huo bcMi inado t o s t u d y t h e p o p u l a t i o n b u i l d - u p and 
inanaiicmerit of common neniatoi)e;i around the ce rea l T r i t l e a l e hexap lo lde 
I.art. The f o l l o w i n j / l,rejt;; ient. ' j were app l i ed to square-meter beds of 
a t h o r o u g h l y p r e p a r e d l i c l d : compos t ; bone m e a l ; o i l - s e e d cakes o f 
c a s t o r (!< i c i n u s £0 '2 l l i u i i s L..), m u s t a r d [ B r a s s i c a ni_g_rii ''^-^ K o c h ) , 
mariiuaa/neem (A_zad_ir_<ichtci i nd i ca Jus3. ) and peanu t (A r a c h i s hypogaea 
I..); b-D m ix tu re (1,; : ; d ic l j loroi.rv.pane -t- ^,i d l ch lo rop ropene) ; DBCP 60'/i 
EC/Nenia(/,on (1,2 d 1 b r o i n o - j - ( ; h 1 or opropane ); p h o r a t o lOG/Th lme t C0,0 
d i e t l \ y 1 - S - { ( e t h y I t h i o ) m e t h y l ) p h o s p h o r o d i t h i o a t s j ; f ensu I f o t h l o n 
' i G / D a s a n i t CO.U d i e t h y 1 -0 - I 1 ( m e t h y 1 -s u 1 f 1 n y 1 ) p h e n y l ] 
p h o s p h o r o t h l o a t e ] ; and d i m e t h o a t e bG/Houor 1U,0 d i m e t h y 1 - S - ( N -
methyicarbamoylmothyl ) p l i o s p l i o r o d i t h l o a t e ) . Unt reated beds and those 
t r e a t e d w i t h i no rgan i c f e r t i l i z e i - s (urea, superphosphate, and murate 
of potash) served as c o n t r o l s . I n o r s a n i c f e r t i l i z e r s a t the same dose 
"were a l s o a p p l i e d t o t h e beds t r e a t e d w i t h n e m a t i c i d e s . Each 
t rea tmen t was r e p l i c a t e d t h ree t imes . Soon a f t e r t r e a t m e n t , the beds 
were w a t e r e d t o f a c i l i t a t e d e c o m p o s i t i o n o f t he o r g a n i c s o i l 
amendments. Seeds of t r i t i c a l e cv. 'DTS-133' were sown 2 weeks a f t e r 
t rea tn .on t . Nematode popu la t i ons were determined p r i o r t o and 3 months 
a f t e r t he t r e a t m e n t by means o f Cobb's . s i e v i n g and d e c a n t i n g method 
alont i witl-i the Uaermann funne l techn ique (Southey, 1970). 
A l l f o u r s p e c i e s o f nematodes p r o o o n t i n t he s o i l m u l t i p l i e d 
f r e e l y around t r i t i c a l e (Tuble 1). The h ighes t r ep roduc t i on f a c t o r (H 
- Pf, the f i n a l p o p u l a t i o n / l ' i , the I n i t i a l . p o p u l a t i o n ) (Oostenbr ink, 
1966) was no ted i n the ea:;cf o f T y l e n c h o r h y n c h u s b r a s s i c a e S i d d i q i , 
1961, (H = l.yO) f o l l o w e d by He), i co t y lenchus i n d i c u s S i d d i q i , 1963, (R 
= 1 . 7 ' j ) , T y l e n c h u s I l i i f o r ^ m i ^ ^ B u t s c h l i , i a 7 3 , (H = 1.60) and 
l l op lo la lmus i n d i c u s .Sher, 1963, (h z 1.'13). I no rgan i c f e r t i l i z e r s and 
ooii,p<)ot cou ld not supprcar, the p o p u l a t i o n of p l a n t - p a r a s i t i c nematodes 
-i i i;ii 1!" i can t l y , w h i l e a l l t l i c o t h e r s o i l amendments and n e m a t i c i d e s 
were e f f e c t i v e i n suppressing; nematode po i j u la t i ons s i g n i f i c a n t l y . The 
e f f e c t of these t reatmcr . t ; ; was more or less the same; however, they 
can be urranj ied in th<> f o l l o w i n g order on the bas is of t h e i r e f f i c a c y : 
1)-U " ius tard cake- ' f e n s r . i r o t h i o t i ' p h o r a t e • OBCF' ' peanu t cake^ margosa 
cake ' ;astor cake • dimctl ioaLe '• bone meal. 
li ef eri.-nces 
Oos tcnb rm l ; , M. 1966. Major c h a r a c t e r i s t i c s of the r e l a t i o n between 
ic.-'m at •' Jcs and p l a n t : . . ' - icJcd. Landbouvjhogosch. V/ageningen 6 u - ' l . 
•'.0 p p . 
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Sout l iey, J. F. ^9^Q, L a b o r a t o r y nietliods for work w i th p l a n t and 
s o i l nematodes . T'icSi. Hul l , No. 2, Mlnl .s t . A t r i o . Fi.",h. Food, 
il.M..'i.O., London. 
Table 1. Effect of organic yoLl j(iicMi'Ji;n.'iit3 iind neraaticldc-G on tlit." popula t ions of 
p l a n t - p a r a s i t i c nematodes i n f ec t i nu t r i t i c a l e cv. 'DT.'.'-1 Jd. ' 
.Nematode populatlon/cUU g s o i l * 
Treatments lio|) lliM Irtl Tyi Oth Total % Heduc. .'.ap 
Untrea ted ;:uu ,2«i) 720 160 TOO I'Uju - iOO 
Inoreanic f e r t i l i z e r s * * IMO I-'KJ 'jOO 220 100 12iiu 15.07 ("10 
Compost (110 kg N/lia) HiO j'lU OUO 180 80 I'lOn o 6U0 
Bone neal (110 kg N/ha) 'lO '10 'IQO I'lO BO YOO 52.05 560 
Castor cake (110 kg H/lia) - i;:U j'lO 10 80 5H0 60.27 lO'tO 
Mustard cake (110 kg N/lia) '!0 - 120 '10 20 22') O'l. 93 '280 
Mart;oa.j c;jke (110 ki^  N/ha) 'in ';:< MUO - !;.0 si,-) 01.6'l ' I ' IH 
Peanut cake (110 kg N/ha) '/o :-.'. ,i'6^i 'iO Oj Mo ' 6y.'I'J ;i'hi 
DO ('ISO l i t e r s / t i a ) '•'•> ' ' 120 '10 - ,:"ji' 80.30 .',')(• 
DBCP (20 i i t e r :3 /ha) Hn 'I'J 200 '10 '10 'h,':- 72.60 2Mi' 
Fhoralo (<i5 Kji/Ua) •; 'i'. inO '^J ;iU .•'! 7J.97 ',"! 
FerK^ullVAhioii (25 kg/ha) '!.- :'•'• 10 - «0 ;i'i" 8J.56 C'l; 
Dimetncate (25 k^/ha) / j ;-u 100 80 'M Ou'J 58.90 iloi: 
I n i t i a l iJopulation I'll' 100 180 100 80 86i) - I ' t" ' 
L.S.U. (a t 51 l e v e l ) 160./o 
L.S.D. (at 5J l e v e l ) 225.11 
Each value i s an average of throe n . ' p l i c a t e s . Hop = Hoplolaimus ind lcus , Hel = 
l l e l i c o t y l e n c h u s i n d l c u s , Trii = T y l e n c h o r h y n c h u s b r a s s i c a c , Tyl = Ty 1 encliu\i 
f i l i f o r m i s , 0th = Other Tylenchids , Tota l r Tota l p a r a s i t i c , 1, Heduc. r Percent 
reduct ion over un t rea ted c o n t r o l . Sap = Tota l s ap rozo ic . 
Urea (110 kg N/ha) , superphos|jhale (55 k^ ;; P / h a ) , i murate of potash (55 kg K/ha) . 
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CONTROL OF ROOT-KNOT NEMATODE WITH HORN MEAL, BONE MEAL AND 
OILSEED CAKES 
M. MASHKDOR ALAM 
Department of Botar^, 
Aligarh Muslim U n i v e r s i t y , Al igarh-202002, India 
Al l the t e s t organic soi l -amendments , e . g . , horn meal, bone 
meal, and o i l s e e d cakes of mahua, c a s t o r , mustard, neem, and 
peanut were e f f e c t i v e i n i n h i b i t i n g the roo t -kno t development. 
Consequently the p l a n t growth improved, 
INTRODUCTION 
A wide v a r i e t y of organic soil-amendments i nc lud ing o i l s e e d 
cakes have been used for the c o n t r o l of p l a n t p a r a s i t i c nematodes 
(Muller & Gooch, 1982), But the re i s no such r e p o r t with r e s p e c t 
to horn meal . In case of bone meal t he re i s only one r e p o r t about 
i t s e f f i c acy a g a i n s t p l a n t - p a r a s i t i c nematodes (Alam et^ ^ ' f l977a) , 
Therefore , i t was cons idered d e s i r a b l e to compare the e f f i c a c y of 
horn meal and bone meal with o i l s e e d cakes a g a i n s t the roo t -kno t 
nematode, Meloidogyne incogni ta (Kofoid & White) Ghitwood. 
MATERIALS & METHODS 
Horn meal, bone meal and o i l s e e d cakes of mahua (Madhuca 
Indica Gmel.), c a s t o r (Ricinus communis L , ) , mustard (Brass lca 
compes t r i s L . ) , neem/margosa (Azadlrachta ind ica J u s s . ) , and 
peanut /groundnut (Arachis hvpogaea L.) were added a t the r a t e of 
Ig n i t r o g e n per kg au toc laved s o i l , kept i n 15 cm c lay p o t s . The 
po t s were watered a f t e r t r ea tment for ensu r ing proper decompsi-
t i o n and a f t e r a week-long wai t ing p e r i o d , th ree-week-o ld s eed l i ngs 
of tomato (Lycopersicon esculentum M i l l , ) cv . Marglobe, eggplan t 
(Solanum melongena L.) cv . Pusa Purple Long, and c h i l l i (Capsicum 
annuxam L. ) cv . NP-A6A, were t r a n s p l a n t e d t o po t s s i n g l y . These 
were then inocu la ted with 5000 f resh ly hatched second-s tage 
Juven i l e s of M. incogn i t a on the fol lowing day. In case of okra 
(Abelmoschus e s c u l e n t u s Moench,) cv , Pusa Sawani, the seeds were 
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d i r e c t l y sown, one week a f t e r t r e a t m e n t . P l an t s were inocu la t ed 
th ree weeks a f t e r seed ge rmina t ion . Untreated po t s served as 
c o n t r o l . There were s i x r e p l i c a t e s fo r each t r e a t m e n t . P l an t 
weight and roo t -kno t index (on 0-4 s c a l e ) were determined a t the 
end of the experiment (90 d a y s ) . 
RESULTS & DISCUSSION 
I t i s c l e a r from the data p resen ted in t a b l e 1 t h a t a l l the 
s o i l amendments were e f f e c t i v e i n i n h i b i t i n g the r o o t - k n o t deve-
lopment i n a l l the t e s t p l a n t s . There was no r o o t - g a l l i n g i n 
tomato, c h i l l i and okra due to the t r ea tmen t of neem cake . In 
case of okra , peanut cake a l s o gave s i m i l a r r e s p o n s e . In o t h e r 
o rgan ic a d d i t i v e s the maximum roo t -kno t index was 0 ,50 in tomato, 
1,66 in eggp lan t , 0,83 in c h i l l i , and 0 ,75 i n okra a s compared 
to 4.00 i n u n t r e a t e d c o n t r o l . Growth of a l l the t e s t p l a n t s 
improved due to v a r i o u s t r ea tmen t s and t h i s i nc rease seems to be 
due to the i n h i b i t i o n in the r o o t - k n o t development. 
The r e s u l t s thus c l e a r l y show t h a t horn meal and hone meal 
i n comparis ion to o i l s e e d cakes were equa l l y e f f e c t i v e i n reducing 
the roo t -kno t development. The e f f i c acy of horn meal i s r epor t ed 
for the f i r s t t ime , 
At p r e s e n t i t i s s t i l l premature to p o i n t out the exac t 
mechanism of nematode c o n t r o l by the a d d i t i o n of horn meal, bone 
meal and o i l s e e d cakes , y e t some t h e o r i e s put fonnrard for o t h e r 
o rganic amendments could be r e l e v a n t t o the p r e s e n t c a s e . The 
c o n t r o l of nematodes may be due to the t o x i c i t y of the decompo-
s i t i o n products (Alam et_ al^., 1978, 1979; Khan e t a ^ . , 1974), or 
i nc r ea se i n the p redac ious and p a r a s i t i c a c t i v i t y of s o i l b i o t a 
(LinforxJ, 1937), o r change in p h y s i c a l and chemical p r o p e r t i e s 
of the s o i l i n i m i c a l t o the nematodes (Ahmad e t a l . , 1 9 7 2 ) , o r 
i nduc t i on of r e s i s t a n c e in the hos t s (Alam et_ a2_., 1977b, 1980), 
o r the amendments themselves may have some nemato- toxic p r i n c i p l e s 
- 2 -
TABUE 1 2l6 
Effect of organic amendments on root-knot developnent and plant 
growth. (Mean of 6 r e p l i c a t e s ) . 
Plant / 
Treatment 
Tomato cv. Ma 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Peanut cake 
Bone meal 
Horn meal 
CD. (P=0.05 (P=0.01 
Ep:gplant cv. 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Peanut cake 
Bone meal 
Horn meal 
G.D. (P=0.05 (P»0,©1 
Plant • 
Uninoculated 
Shoot 
rglobe 
27.33 
35.00 
45.00 
43,33 
44.00 
40.66 
50.00 
66.66 
i 
Root 
• 
• 
10.66 
21.66 
28.33 
23.33 
21.66 
23.33 
33.33 
36.00 
Total 
37.99 
56.66 
73.33 
66.66 
56.66 
63.99 
83.33 
102.66 
Pusa Purple Long: 
4.60 
7.50 
16.00 
17.00 
10.33 
19.66 
17.66 
11.00 
] 
C h i l l i cv. NP-A6A : 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Peanut cake 
Bone meal 
Horn meal 
CD. (P=0.05 (P=0.01 
Okra cv. Pusa 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Peanut cake 
Bone meal 
Horn meal 
CD. (P=0.05 
(P=0.01 
19.00 
27.33 
35.66 
36.66 
33.00 
40.66 
40.00 
48.33 
] 
Sawani 
15.00 
13.00 
29.50 
35.50 
20.50 
30.50 
19.50 
20.50 
•] 
2.83 
4.00 
10,00 
12.50 
6.66 
10.83 
9.50 
7.33 
5.16 
7.50 
12.00 
12.50 
9.50 
14.66 
12.66 
16.00 
• * 
2.50 
2.00 
9.00 
9.00 
3.75 
6.00 
4.25 
7.00 
7,43 
11.50 
26.00 
29.50 
16.99 
30.49 
27.16 
18.33 
24.16 
34.83 
47,66 
49.16 
42.50 
55,32 
52.66 
64.33 
17.50 
15.00 
38.50 
44.50 
24.25 
36.50 
23.75 
27.50 
weight (g) 
Inoculated 
Shoot 
21.66 
33.33 
43.33 
40.00 
45.33 
42.00 
48.33 
65.00 
?-59 6.66 
14.66 
16.00 
10.00 
20.00 
17.33 
9.50 
14.66 
26.66 
34.00 
36.00 
34.00 
40.66 
39.00 
48.66 
9.00 
11.00 
30.00 
37.00 
19.66 
31.50 
20.00 
20.50 
Root 
8.33 
22.00 
26.66 
21.66 
22.00 
23.66 
32.66 
36.66 
1.50 
3.66 
8.33 
11.00 
5.83 
10.33 
9,33 
7,00 
3.00 
8.00 
12,00 
12.66 
9.33 
14.33 
12.50 
16.50 
1.00 
1,75 
8.50 
8.00 
3.50 
6.25 
3.50 
6.25 
Total 
29.99 
53.33 
69.99 
61.66 
67.33 
65.66 
80.99 
101,66 
4.00 
10.32 
22.99 
27.00 
15.83 
30.33 
26.66 
16.50 
17.66 
34.66 
46.00 
48.66 
43.30 
54.99 
51.50 
65.16 
10.00 
12.75 
38.50 
45.00 
23.16 
37.75 
23.50 
26.75 
Root-
knot 
Index 
4.00 
0.16 
0.33 
0.50 
0 
0.16 
0.50 
0.16 
0.46 
0.64 
4.00 
1.66 
1.50 
1.66 
1.33 
0.83 
0.66 
1.66 
1.37 
1.89 
4.00 
0.16 
0.33 
0.33 
0 
0.33 
0.83 
0.16 
0.91 
1.26 
4,00 
0.75 
0,50 
0.25 
0 
0 
0.50 
0.50 
0.36 
0.49 
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SHORT COMMUNICATIONS 
CONTROL OF PHYTO-NEMATODES WITH OIL-CAKE AMENDMENTS 
IN SPINACH FIELD 
BY 
M. MASHKOOR ALAM^ and ABRAR M. KHANi . 
Aligarh Muslim University, Aligarh-202001, U.P., India 
The inhibitory efTect of oil-cake application to soil, against plant parasitic nematodes has 
been reported by Lear (1959). Mankau (1963), Manku&Minteer (1962), Khan et. al. (1966.1973). 
Singh & Sitanunaiah (1966, 1971), Gour & Prasad (1970) and Goswami & Swarup (1971). The 
present communication deals with an attempt made to study the efficacy of certain oilcakes for the 
control of the local population of parasitic nematodes in spinach {Spinacia oleracea L.) field. 
A plot having a population of Hoplolaimus indicus, Tylenchorhynchus brassicae, Dity-
lenchus cyperi, Meloidogyne incognita and Aphelenchus avenae, was thoroughly ploughed and 
divided into 1 sq m beds. Oilcakes of mahua {Madhuca indica Gmel.), Castor (Ricinus communis 
L), mustard ( Brassica nigra Koch. ), neem ( Azadirachta indica Juss. ) and groundnut ( Arachis 
hypogaea L.); compost and urea were applied to beds at the rate of 100 lb nitrogen per acre basis, 
in tirea treated beds, superphosphate ((21 50b phosphrous per acre) and murate of potash (@ 50 lb 
potassium per acre) were also added. Two nematicides viz., DD (1,2 Dichloropropane & 1,3 
dichloropropene) and nemagon (1,2 Dibromo-3-chIoropropane) were also included in the test for the 
comparative studies. The nematicides were applied with the help of hand injector at ihe rate of 40 
and 2 gallons per aere, respectively. These beds were also supplimented with inorganic fertilizers 
of the same doze mentioned above. Thereafter, the field was watered for ensuing the decomposition 
of the organic amendments. Untreated beds served as control. Each treatment was replicated 
thrice. The crop was sown after a waiting period of 3 weeks. The population of nematodes was 
determined, both prior to treatment and 90 days after the sowing, by using the Oostenbrink's 
elutriator and Baerman funnel techniques. 
Resulted are presented in Table I. Highest reduction in the population of stylet bearing 
nematodes took place in neem cake and nemagon followed by mahua cake, DD, mustard cake, 
groundnut cake and castor cake. The respective figures for the final population in these treatments, 
were 140,140, 180, 200, 260, 480 and 500 per 200g soil. On the other hand, the inorganic fertilizers 
and compost failed to inhibit the population, which was 890 and 1010, respectively, against 1060 in 
untreated beds. The initial population was 740. It is clear from the foregoing that baring to 
castor and groundnut cakes where the reduction was only 32-35%, the other oilcakes were highly 
inhibitory and that these oilcake were almost equally effective to those of DD and nemagon. 
The two nematode species viz., T. brassicae and M. incognita were dominant in the ex-
perimental plot and they multiplied more frequently on spinach (Table I). Both were effec-
tively controlled with oilcakes, DD and nemagon. However, in case of H. indicus, D. cyperi 
and A. avenae, which were in small numbers, the rediKition in their population was not significant. 
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TABLE I 
Population of nematodes in spinach (Spinacia oleracea L.) plates treated with 
oil-cakes, DD and nemagon 
Treatments 
Untreated 
DD & Inorganic fertilizers 
Nemagon & Inorganic 
Inorganic fertilizers 
Compost 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
Initial population 
fertilizers 
Hop 
20 
20 
— 
40 
20 
— 
20 
— 
— 
20 
60 
Average populati 
Tylen 
780 
80 
80 
620 
680 
120 
340 
180 
100 
300 
420 
Dit 
40 
— 
— 
20 
60 
— 
— 
20 
— 
20 
40 
on of nematodes 
Mel 
200 
20 
20 
150 
210 
— 
80 
60 
— 
120 
140 
Aph 
20 
80 
40 
60 
40 
60 
60 
— 
40 
20 
80 
per 200 g 
Total 
1060 
200 
140 
890 
1010 
180 
500 
260 
140 
480 
740 
soil 
Sap 
1000 
1500 
580 
690 
760 
1100 
2360 
460 
1400 
1500 
1360 
Hop «= Hoplolaimus iudicus, 
Dit = Ditylenchus cyperi, 
Aph = Aphelenchus avenae, 
Sap = Saprozoic forms. 
Tylen = Tylenchorynchus brassicae, 
Mel = Meloidogyne inocognita larvae, 
Total = Total Tylenchids and 
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A B S T R A C T 
All the treatments were fouad to inhibit the population of plant parasitic 
nematodes attacking different varieties of tomato under field conditions. This 
inhibition varied from variety to variety and naraatode to nematode, thus 
showing that varieties themselves also influenced the population of nematodes. 
Foi example, inorganic fertilizers were most effective for the control of plant 
parasitic nematodes in case of variety Nemared, whereas mustard cake in 
variety La Bouita, castor cake in varietv Aoahu and groundnut cake in 
varieties 67B1169 and Marglobe. 
I N T R O D U C T I O N 
It is well known that application of oil rakes to soil inhibits the population of 
plant parasitic nematodes (Lear, 1959 ; Mankau, 1963 ; Mankau and Minteer, 
1962 ; Kh&netal., 1966, 1973, 1974 a, b ; Singh and Sitaramaiah, 1966, 1971 ; 
Gour and Prasad, 1970 ; Goswami and Swamp, 1971 ; Alam and Khan, 1974). 
Most of the work has been carried out against one or two nematode species infesting 
single variety of plants, however, knowledge about the comparative response of 
different varieties of a crop against mixed population of nematodes in oil cake 
treated fields is lacking. Hence, an attempt has been made to investigate the 
efficacy of different oil cakes for the control of nematodes attacking different 
varieties of tomato. 
MATERIALS AND METHODS 
In thoroughly ploughed 10 sq metre plots, oil cakes of raahua {Madhtica indica 
Cimel.), castor {Ricinus communis L.), mustard [Brassica nigraKoch.), neem {Azadi-
fachta indica Juss ) and groundnut {Arachis hypogea L.) : compost and urea were 
applied so as to give 100 lbs nitrogen per acre. Superphosphate and murate of 
potash (50 lbs P and K respectively per acre) were also added to urea treated beds. 
Thereafter the plots were watered for ensuing decomposition of amendments. 
Untreated beds served as control. Each treatment was replicated thrice. Seedlings 
of different varieties of tomato namely La Bonita, Nemared, Anahu, 67B1169 and 
Marglobe were raised in autoclaved soil, sand and compost mixture ( 7 : 2 : 1 ) . Four 
week old such seedlings were transplanted to the beds after a waiting period of 
7 days. The nematode population was determined 90 days after transplantation, by 
using Oostenbrink's elutriator and Baerman funnel technique (Southey, 1970). 
RESULTS AND DISCUSSION 
The results are presented in table I. By and large most of the treatments were 
found to be inhibitory for the population build up of parasitic nematodes such as 
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TABLE 1 
Effect of soil amendments on nematode population attacking different 
varieties of tomato in field. 
^ • Population of nematodes per 200 g of soil % Decrease 
-p f t over Sap 
ireatmenc ^ ^ ^ j^^j j^^j jyjg^ -pyl Mel Tri Aph Total control 
La Bonita 
Inorg. fert. 
Compost 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
G. nut cake 
Untreated 
Nemared 
Inorg. fert. 
Compost 
Mahua cake 
Castor cake 
Mustard cake 
Netm cake 
G. nut cake 
Untreated 
Anahu 
Inorg. fert. 
Compost 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
G. nut cake 
Untreated 
6751169 
Inorg. fert 
Compost 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
G nut cake 
Untreated 
20 
60 
40 
-
-
-
-
60 
20 
140 
60 
120 
60 
40 
60 
180 
20 
-
20 
40 
60 
-
-
120 
60 
60 
140 
-
-
40 
— 
220 
60 
160 
120 
80 
40 
20 
40 
180 
_ 
20 
220 
80 
-
60 
40 
400 
20 
60 
40 
-
20 
— 
— 
160 
40 
160 
100 
20 
40 
20 
40 
180 
40 
40 
40 
-
-
-
40 
120 
-
40 
-
-
-
-
20 
80 
-
20 
220 
40 
-
60 
40 
280 
1180 
640 
220 
1140 
680 
820 
240 
1260 
660 
1100 
1120 
520 
380 
600 
480 
1140 
160 
860 
840 
.520 
560 
520 
640 
900 
740 
340 
460 
160 
340 
200 
300 
760 
1180 
1060 
1180 
1560 
1420 
1240 
580 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
— 
-
-
-
-
-
-
-
— 
20 
20 
20 
-
-
20 
-
1680 120 
-
60 
40 
-
-
-
-
60 
-
-
20 
-
-
-
40 
80 
-
-
-
-
-
-
20 
80 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
— 
-
40 
20 
60 
-
20 
20 
80 
-
-
-
-
-
-
-
80 
-
20 
-
-
-
-
-
20 
40 
80 
80 
-
-
20 
-
160 
-
-
-
-
-
-
-
~ 
-
-
-
-
-
-
-
— 
40 
60 
80 
100 
-
40 
20 
160 
820 
1300 
1440 
600 
420 
640 
560 
1720 
180 
1100 
1160 
780 
620 
640 
820 
1720 
780 
420 
740 
240 
420 
260 
''60 
1480 
2520 
2020 
1740 
2820 
2140 
2180 
880 
3640 
-52-3 
-12-8 
-16-3 
-65-1 
-75 6 
-62-8 
-67 4 
-89-5 
-36-0 
- 3 2 5 
-54-6 
-63-9 
-62 8 
-52-3 
-47-3 
-71-6 
-50'0 
-83-8 
-71-6 
-82-4 
-75-6 
-30-7 
-44-4 
-52.2 
-22-5 
-41-2 
-40-1 
-75-8 
360 
820 
900 
380 
880 
780 
860 
720 
280 
520 
360 
360 
360 
600 
680 
280 
260 
340 
240 
200 
360 
80 
220 
140 
740 
1060 
680 
800 
840 
760 
640 
880 
Marglobe 
Inorg. fert. 
Compost 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
G. nut cake 
Untreated 
CONTROL OF 
80 40 
40 20 
80 60 
20 20 
40 
40 
20 20 
140 100 
620 
600 
580 
320 
400 
280 
220 
680 
PHYTOPHAGOXIS NEMATODES 
720 
740 
680 
220 
260 
380 
320 
860 
20 
40 
-
-
-
-
-
40 
100 
120 
80 
40 
60 
60 
20 
200 
-
-
-
-
-
-
-
-
40 
20 
60 
-
-
20 
-
80 
1620 
1580 
1540 
620 
760 
780 
600 
2100 
-22-8 
-24-7 
-26-6 
-70-5 
-63-8 
-62-9 
-71-4 
224 
167 
860 
920 
640 
520 
560 
480 
1180 
1040 
Each value is an average of three replicates. 
Uop^ Hoplolaimus indicus, He\ = Helicotylenchus indicus, Kot'^RotjiUnchulus reniformis, Tylen = TyUn-
chorhynchus brassicae, 'ly\=TyUnchusfihjormis. Me] = Meloidogyne inc^nita larvae, TrisTricfcorforue mirzai, 
Aph = Aphelenchus avenae, Totar= Total of parasitic forms, Sap = Total of saprozoic forms. 
Hoplolaimus indicus, Hdicolylenchii^ indicus, Rotylen kulut reniformis, Tylencharhynchw; 
brassicae, Tyhnchus filiformis, MeloHnsyne incognita larvae, Aphelenchus avenae and 
Trichodorus mirzai around the roots of all varieties tested. 
Around the roots of La Bonita all the treatments were found to be inhibitory, 
highest being mustard cake (75.6%), followed by groundnut cake (67 4 % ) , castor cake 
(65 1%), neem cake ( 6 2 8 % ) , inorganic fertilizers ( 5 2 3 % ) , mahua cake ( 1 6 3 % ) 
and coTipost (12.8%). Similar effect was noticed in variety Neroared, although the 
highest inhibition was in inorganic fertilizers f89.5%), followed by mustard cake 
(63.9%), neem cake (62.8°r) , castor cake (54.6%), groundnut cake (52.3%), compost 
(36.0%) and mahua cake (32 5"(,). In the variety Anahu also all the treatments 
arrested the populat ion build up al though castor cake was most effective (83.8%) 
followed by neem cake (82.4%), groundnut cake (75 6%) , mustard cake and 
compost (71 .6%j , mahua cake (50.0%) and inorganic fertilizers (47.3%^!. In the 
variety N-farglobe groundnut cake was proved to be most efficacious where 71 .4% 
inhibition was observed ; it was followed by castor cake (70 5%) , mustard cake 
(63.8yo); neem cake C62.9%), m a h u a cake (26.6%), compost (24.7%) and inorganic 
fertilizers (22.8%). 
.All the treatments reduced the populat ion of parasitic forms around the roors 
of variety 67B1169, highest reduction being in groundnut cake (75.8%), followed by 
mahua cake (52 2 % ) , compost (44.4%,J, mr'stard cake (4l.27o), neem cake (40.1"'i,), 
inorganic fertilizers (30.7%) and castor cake (22.5%,). 
It is clear from the above that all the treatments were beneficial in controlling 
the phytophagous nematodes but the extent of control depends upon the variety 
because the varieties themselves influence (he population changes as for example 
inorganic fertilizers were most effective in variety Nemared , mustard cake in variety 
La Bonita, castor cakn in variety Anahu and groundnut cake in varieties 67B1169 
and Marglobe. The results should prove helpful in selecting a suitable control 
for nematodes attacking a par t icular variety. 
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CONTROL OF PIANT-PARASITIC NEMATODES WITH OILSEED CAKES ON SOME 
VSCaSTABLES IN FIELD 
N. NASHKOOR ALAM 
Department of Botany, 
Al igarh Muslim U n i v e r s i t y , Al igarh-202002, India 
Resu l t s of f i e l d t r i a l s c l e a r l y i n d i c a t e t h a t o i l s e e d cakes 
of mahua, c a s t o r , mustard, neem and groundnut s i n g l y o r i n 
d i f f e r e n t combinations s i g n i f i c a n t l y c o n t r o l l e d popu la t ions of 
p l a n t - p a r a s i t i c nematodes of d ive rgen t na tu re on tomato, eggp lan t , 
c h i l l i , okra , cabbage and c a u l i f l o w e r . Except ing mahua cake 
which was phy to tox lc o r nea r -phy to tox i c t o a l l crops excep t ing 
eggp lan t , o t h e r cakes improved p l a n t growth s i g n i f i c a n t l y . However, 
when mixed with o t h e r cakes , mahua cake l o s t i t s p h y t o t o x i c i t y , 
The e f f i c a c y of o i l s e e d cakes was c o n s i s t e n t i n d i f f e r e n t growing 
seasons ( e . g . , w i n t e r and summer) a s we l l a s a t d i f f e r e n t s o i l 
pH and organic c o n t e n t s . 
INTRODUCTION 
Oilseed cakes a re a g r o - i n d u s t r i a l byp roduc t s . These a re 
mainly used as animal feed or manure. Severa l s t u d i e s have i n d i -
ca ted t h a t they a r e good suppressors of nematode popu la t ions 
(Singh & S i ta ramaiah , 1970; Alam, 1976; Muller & Gooch, 1982; 
S i d d i q u i , 1986). Most of the s t u d i e s , however, have been c a r r i e d 
out i n p o t s . The a v a i l a b l e l i t e r a t i o r e c l e a r l y r e v e a l s t h a t the 
e f f i c a c y of o i l s e e d cakes a g a i n s t p l a n t - p a r a s i t i c nematodes has 
no t been compared i n d i f f e r e n t growing seasons and d i f f e r e n t s o i l 
c o n d i t i o n s . Moreover, no a t t empt has been made to reduce the 
p h y t o t o x i c i t y caused by some cakes , e . g . , mahua c a k e . Therefore 
an a t t empt has been made to s tudy these a s p e c t s in r e l a t i o n to 
nematode c o n t r o l by o i l s e e d cakes in f i e l d . 
- 1 -
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MATERIALS & METHODS 
• 2 
Thoroughly ploughed f ie lds were divided into 10 m beds, 
each with separate water channels, leaving 0,5 m buffer port ion 
between them, Beds were t reated with urea, and oilseed cakes of 
mahua (Madhuca Indica Gtael.)» castor (Ricinus cominunis L . ) , 
mustard (Brassica campestris L.) , neem/margosa (Azadirachta indica 
J u s s . ) and groundnut/peanut (Arachis hvpogaea L. ) , and oilseed 
cake mixtvires (each cake in equal r a t i o ) a t the ra te of 110 kg N/ha. 
Urea was supplemented with superphosphate and murate of potash a t 
the i^ te of 55 kg P and K/ha respec t ive ly . There were three beds 
for each treatment which were randomised (Panse & Sukhatme, 1978). 
Untreated beds seized as con t ro l . Immediately a f t e r treament the 
beds were watered for ensuring proper decomposition of the 
a d d i t i v e s . 
Fifteen days a f t e r treatment, seeds of okra (Abelmoschus 
esculentxis Moench.) cv, Pusa Sawani were sown or four-week-oId 
seedlings of tomato (Lye ope r s icon esculentum Mi l l . ) cv. la. Bonita, 
eggplant (Solanum melongena L.) cv, Pusa Purple Long, c h i l l i 
(Capsicum annuum L,) cv, NP-45A, cabbage (Brassica oleracea 
capi ta ta L,) cv. Pride of India, and cauliflower (B_, oleracea 
bo t rv t l s L,) cv. Snowball wex^ t ransplanted . During the experiment 
necessary agronomic prac t ices such as watering, weeding, e t c . were 
observed. 
The i n i t i a l (before treatment) and f ina l (three months a f t e r 
sowing) populations of nematodes were determined by processing the 
s o i l in Oostenbrink's e l u t r i a t o r as well as in modified Baermann 
# ———————— 
The experiments were carr ied out a t two d i f ferent p l aces . Experi-
ments per ta ining to cabbage and cauliflower were performed 
during winter ( rabl ) season, when temperatxire ranged between 
IO-250C, a t Aligarh Muslim University Fkrm having s o i l pH about 
7,7 and poor organic contents; while those on tomato during 
winter ( r ab l ) , and eggplant, c h i l l i and okra during summer (kharif) seasons, when temperatxire ranged between 25-35**C, a t 
the Experimental Sta t ion cum Botanical Garden of the University 
a t ScIndia Port, Aligarh having s o i l pH about 8.4 and high 
organic contents . 
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fuzmels and count ing the nematodes with the help of Doncas t e r ' s 
count ing d i s h (Southey, 1986) . Af ter t e r m i n a t i o n of the e x p e r i -
menty p l a n t s were c a r e f u l l y upix)oted, washed, b l o t t e d and weighed. 
Root-knot Index was determined on 0-4 s c a l e , 
RESULTS 
A l l the o i l s e e d cakes , when a p p l i e d alone o r i n v a r i o u s 
combinat ions , s i g n i f i c a n t l y reduced f i e l d popu la t ions of p l a n t -
p a r a s i t i c nematodes on the t e s t c r o p s . However, the e f f i c a c y 
v a r i e d with d i f f e r e n t nematode s p e c i e s and the h o s t . Inorgan ic 
f e r t i l i z e r s a l s o caused r educ t ion i n nematode p o p u l a t i o n but t o 
much l e s s e r e x t e n t . The r educ t ion i n nematode popu la t ion due t o 
i no rgan ic f e r t i l i z e r s was s i g n i f i c a n t only i n the case e g g p l a n t , 
cabbage and cau l i f l ower (both a t 5% and 1% l e v e l s ) , and c h i l l i 
and okra (only a t 5% l e v e l ) , bu t no t i n case of tomato (Tables 1-3). 
In case of tomato, neem cake gave b e s t r e s u l t s followed by 
mahua, musta ix i ,cas tor and groundnut c a k e s . Di f fe ren t mixtures of 
cakes a l s o proved q u i t e e f f i c a c i o u s , where mahua ••• c a s t o r , and 
neem • groundnut were comparat ively b e t t e r (Table 1 ) . In eggplan t 
h i g h e s t suppress ion of nematodes was observed in neem cake 
followed by c a s t o r , mustard, mahua and gix)undnut c a k e s . While 
mustard •> neem, c a s t o r ^ mustard, mustard + groundnut and mahua • 
c a s t o r were b e t t e r among mixed a p p l i c a t i o n of cakes (Table 1 ) , 
S i m i l a r l y mahua cake caused g r e a t e s t suppress ion i n nematode 
popu la t i on on c h i l l i . I t was followed i n order of e f f i c i e n c y by 
neem, groundnut, c a s t o r and mustard c a k e s . Among o i l s e e d cake 
mix tures c a s t o r • neem gave b e s t r e s u l t s followed by mahua + neem, 
mahua > mustard, e t c . (Table 2 ) . In case of okra neem cake was 
foxind to be most e f f e c t i v e followed by mahua, c a s t o r , mustard and 
groundnut cakes , whi le mustard + gix)undnut, mustard + neem, mahua + 
groundnut, and mahua + neem were b e s t among mixture (Tkble 2 ) . In 
case of cabbage the order of e f f i c a c y was mahua-mustard-groundnut-
neem-cas tor , and i n cau l i f l ower mahua-neem-castor-groudnut-mustard 
c a k e s . Among d i f f e r e n t mixtures mahua + neem, mahua + mustard and 
mustard + groundnut were b e t t e r i n cabbage, and neem + groundnut, 
n 
mahua •«• groundnut, mahua + neem and mustard • groudnut i n c a u l i -
flower (Table 3 ) . 
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TABLE 1 
Effect of oilseed cakes on nematode population, root-knot develop-
ment, and plant growth of tomato cv. LaBonita and eggplant cv. 
Pusa Purple Long in f i e l d . 
C r o p / T r e a t m e n t 
Nematode 
Hop 
Tomato c v . La B o n i t a : 
U n t r e a t e d 
I n o r g . f e r t . 
Mahua cake 
C a s t o r cake 
Mustard cake 
Neem c ake 
Groundnut cake 
Mahua+cas to r 
Mahua-fMustard 
Mahua^Neem 
Ma hua "•• Groundnut 
Ca s t o r+Mus t a r d 
CastorsNeem 
Cas to r+Groundnu t 
Mustard+Neem 
Mustard+Groundnut 
Neem+Groundnut 
I n i t i a l p o p u l a t i o E 
C . D . ( P - 0 . 0 5 ) 
( g « 0 . 0 1 ) 
E g ^ l a n t c v , Pusa 
U n t r e a t e d 
I n o r g . f e r t . 
Mahua cake 
C a s t o r cake 
Musta rd cake 
Neem cake 
Groundnut cake 
Mahua+Castor 
Mahua+Mustard 
Mahua+Neem 
Mahua-<- Groundnut 
C a s t o r + M u s t a r d 
Ca8tor-«*Neem 
C a s t o r + Groundnut 
Mustard+Neea 
Mus t a rd ••• Groundnut 
Neem+Groundnut 
80 
100 
60 
20 
20 
— 
160 
20 
UO 
-
-
40 
40 
20 
20 
20 
-
t 120 
P u r p l e 
120 
180 
80 
60 
40 
20 
140 
60 
20 
~ 
20 
80 
20 
40 
60 
60 
60 
I n i t i a l p o p u l a t i o n 120 
C ,D .CP-0 .05 ) 
( P « 0 . 0 1 ) 
Hop • Hoplo la imus 
Rot 
120 
60 
20 
60 
— 
— 
20 
20 
60 
80 
80 
40 
60 
40 
80 
20 
20 
80 
Lonfi 
140 
100 
60 
40 
40 
20 
60 
40 
80 
60 
80 
-
20 
20 
40 
40 
20 
80 
p o p u l a t i o n p e r 
Trh 
380 
^ 0 
160 
300 
260 
240 
200 
100 
380 
340 
300 
260 
320 
320 
280 
300 
180 
560 
• 
• 
660 
360 
420 
320 
520 
520 
300 
460 
480 
360 
420 
360 
420 
340 
180 
400 
240 
560 
oyi 
60 
20 
-
80 
20 
20 
100 
20 
20 
20 
-
80 
20 
20 
40 
-
-
40 
60 
100 
40 
80 
40 
40 
80 
60 
60 
-
40 
40 
60 
100 
40 
80 
40 
40 
Mel 
540 
380 
140 
160 
100 
100 
280 
140 
140 
180 
100 
260 
160 
140 
160 
160 
140 
440 
2080 
1400 
880 
480 
340 
340 
920 
320 
440 
640 
500 
420 
660 
780 
420 
340 
1080 
440 
200 g 
T o t a l 
1180 
960 
380 
620 
400 
360 
760 
300 
640 
620 
480 
680 
600 
540 
580 
500 
340 
1240 
s o i l 
Sap 
740 
660 
1420 
940 
480 
1080 
1220 
1180 
1220 
1060 
420 
780 
1360 
780 
980 
620 
940 
4130 
303 .772 
407 .130 
3060 
2140 
1480 
980 
980 
940 
1500 
940 
1080 
1060 
1060 
900 
1180 
1280 
760 
920 
IkMO 
1240 
101 .272 
135 .730 
640 
780 
1120 
920 
1360 
780 
860 
1220 
1220 
1420 
1620 
1300 
1440 
1780 
900 
1300 
1380 
4130 
R o o t -
k n o t 
Index 
3 . 0 0 
2 . 8 3 
0 . 8 3 
1.00 
1.00 
0 . 8 3 
1.66 
1.83 
1.16 
1.06 
2 . 0 0 
0 , 8 3 
1.00 
0 . 8 3 
1.16 
0 . 8 3 
0 . 8 3 
0 . 0 3 0 
0 . 0 4 0 
4 . 0 0 
4 . 0 0 
2 . 6 6 
1.16 
1.66 
1.83 
2 . 6 6 
1.03 
1.83 
2 . 3 3 
2 . 0 0 
3 . 0 0 
2 . 8 3 
3 . 0 0 
1.16 
1.83 
2 . 0 0 
P l a n t 
w e i g h t 
( k g j 
0 . 4 2 0 
0 . 7 6 0 
0 . 4 8 0 
1.000 
1.040 
0 . 6 6 0 
1.120 
0 . 9 8 0 
0 . 8 8 0 
0 . 4 4 0 
0 , 9 6 0 
0 . 9 0 0 
1.100 
0 . 9 2 0 
1.040 
0 . 9 6 0 
1.160 
0 . 5 3 7 
0 . 7 2 0 
0 . 1 6 0 
0 . 3 2 0 
0 . 4 0 0 
0 . 4 8 0 
0 . 4 4 0 
0 .440 
0 . 4 0 0 
0 . 6 0 0 
0 . 6 2 0 
0 , 5 6 0 
0 . 6 4 0 
0 . 5 8 0 
0 , 7 0 0 
0 . 4 8 0 
0 , 6 2 0 
0 , 4 4 0 
0 , 6 0 0 
1.693 0 .003 
2 .268 0 . 0 0 4 
i n d i c u s . Rot =» R o t y l e n c h u l u s r e n i f o r m i s , 
Trh • Ty ienchorhynchus b r a s s i c a e . 
Mel • M e l o l d b ^ n e i n c o g n i t a 1 
S a p » Tn+-j?l 5iflnr«n?;n1e 
a r v a e 
Tjrl • ' Tvlenchus 
, T o t a l « 
f i l i f o r m i s . 
T o t a l Tjrlenc h i d s , 
TA.BLE 2 230 
Effect of oilseed cakes on nematode population, root-knot development, 
and plant growth of c h i l l i cv. NP-46A and okra cv. Pusa Savmni in f i e l d . 
C r o p / T r e a t m e n t 
C h i l l i c v . NI^46A : 
U n t r e a t e d 
I n o r g . f e r t . 
Mahua cake 
C a s t o r cake 
Musta rd cake 
Neem cake 
Groundnut cake 
Mahua+Castor 
Ma h\ia >Mus t a r d 
Mahua+Neem 
Ma hua•Groundnu t 
Gas t o r*Mus t a rd 
Castor^Neein 
Cas to r+Groundnu t 
Mustard+Neem 
Mus t a r d * Groundnut 
Neem+Groundnut 
I n i t i a l p o p u l a t i o n 
C D . ( P » 0 . 0 5 ) 
( P » 0 . 0 1 ) 
Nematode p o p u l a t i o n pe 
Hop 
120 
80 
— 
20 
UO 
20 
— 
20 
20 
-
40 
20 
AO 
40 
20 
AO 
-
100 
Okra c v , Pusa Sawani : 
U n t r e a t e d 
I n o r g . f e r t . 
Mahua cake 
C a s t o r cake 
Mus ta rd cake 
Neem cake 
Groundnut cake 
Mahua+Castor 
Mahua •Mus t a rd 
Mahua-fNeem 
Ma hua* Groundnut 
Cas to r+Mus ta rd 
Castor^Neem 
Cas to r+Groundnu t 
Mustard+Neem 
Musta rd+Groundnut 
Neem+Groundnut 
I n i t i a l p o p u l a t i o n 
C D . ( 1 ^ 0 . 0 5 ) 
( P « 0 . 0 1 ) 
— 
— 
20 
20 
-
— 
— 
— 
— 
40 
— 
— 
— 
40 
— 
20 
— 
100 
Hal 
80 
100 
— 
— 
— 
— 
20 
— 
-
— 
20 
80 
— 
— 
20 
20 
20 
100 
80 
40 
— 
-
-
20 
— 
20 
.> 
— 
-
— 
-
-
— 
-
20 
100 
Rot 
140 
160 
40 
60 
80 
20 
100 
120 
80 
40 
— 
20 
-
40 
20 
60 
80 
120 
340 
280 
20 
80 
180 
40 
100 
20 
40 
60 
40 
100 
120 
80 
180 
20 
100 
120 
Trh 
560 
420 
240 
180 
260 
280 
120 
160 
140 
100 
180 
240 
100 
300 
180 
380 
120 
480 
620 
580 
340 
320 
300 
220 
400 
320 
280 
180 
140 
240 
380 
420 
240 
120 
360 
480 
Tyl 
20 
— 
-
— 
-
-
— 
-
— 
— 
— 
20 
-
-
-
20 
— 
80 
20 
-
-
— 
-
20 
-
40 
-
— 
— 
80 
— 
— 
— 
-
20 
80 
r 200 
Mel 
860 
780 
440 
580 
660 
440 
520 
300 
280 
360 
480 
380 
320 
680 
400 
480 
380 
320 
760 
680 
280 
420 
380 
280 
520 
440 
420 
380 
440 
520 
380 
220 
180 
360 
300 
320 
Hop • Hoplo la imus i n d i c u s , Hel = H e l i c o t v l e n c h u s 
Rot « R o t v l e n c h u l u s 
g s o i l 
T o t a l 
1780 
1540 
720 
840 
1040 
760 
760 
600 
520 
500 
720 
760 
460 
1060 
640 
1000 
600 
1200 
Sap 
2400 
1440 
3400 
3600 
2880 
2660 
2480 
2120 
1220 
880 
1840 
2160 
1960 
4440 
1420 
1880 
640 
1880 
191 .069 
256 .079 
1820 
1580 
660 
840 
860 
580 
1020 
840 
740 
660 
620 
940 
880 
760 
600 
520 
800 
1200 
1440 
1880 
3800 
3140 
2820 
940 
1820 
2340 
2440 
3180 
1240 
460 
1880 
1700 
3380 
2440 
2240 
1880 
2 0 2 . 0 8 5 
2 7 0 . 8 4 4 
i n d i c u s . 
r e n i f o r m i s , Trh = Ty l encho rhvnchus 
Tvl " Tv lenchus f i l i f o r m i s . Mel = MeloidoKvne inco* :n i t a 
R o o t -
kno t 
Index 
3 . 3 3 
3 . 0 0 
2 . 1 6 
2 . 6 6 
2 . 8 3 
1.83 
2 . 0 0 
1.83 
1.66 
1.16 
1.83 
2 . 1 6 
1.83 
2 . 8 3 
1.16 
2 . 8 3 
2 . 0 0 
P l a n t 
weighi 
(kgl 
0 . 1 2 0 
0 . 4 0 0 
0 . 1 1 6 
0 . 5 2 0 
0 , 4 8 6 
0.AO8 
0 . 6 4 8 
0 . 5 4 0 
0 . 5 2 0 
0 . 3 8 4 
0 . 5 9 3 
0 . 5 2 4 
0 . 5 0 4 
0 . 4 6 7 
0 . 4 2 6 
0 . 5 1 5 
0 . 5 2 8 
0 . 5 8 8 0 . 0 3 8 
0 . 7 8 8 0 . 0 5 0 
3 . 0 0 
2 . 8 3 
0 . 8 3 
1.83 
2 . 0 0 
1.16 
2 .00 
2 . 1 6 
1.83 
1.66 
1.16 
2 . 0 0 
1.83 
1.83 
0 . 8 3 
2 . 0 0 
1.83 
0 . 4 1 3 
0 . 1 0 8 
0 . 3 0 6 
0 . 1 2 1 
0 . 4 6 0 
0 . 4 8 0 
0 . 3 0 9 
0 . 5 1 1 
0 . 4 0 0 
0 . 4 1 9 
0 . 2 9 1 
0 . 4 8 3 
0 . 4 6 0 
0 . 4 1 4 
0 . 5 0 1 
0 , 4 2 4 
0 . 5 1 8 
0 , 5 0 6 
0 , 0 1 7 
0 . 5 5 4 0 . 0 2 2 
b r a s s i c a e . 
l a r v a e , T o t a l = 
Total Tylenchids, Sap = Total Saprozoic, 
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Effect of oilseed cakes on nematode population, and plant growth of 
cabbage cv, f^ide of India and cauliflower cv. Snowball in f i e l d . 
C r o p / T r e a t m e n t 
Cabbage c v . P r i d e ( 
IM t r e a t e d 
I n o r g , f e r t . 
Mahua cake 
C a s t o r cake 
Musta rd cake 
Neem cake 
Groundnut cake 
Mahua+Castor 
Mahua+Mustard 
Ma hua-t-Neem 
Mahua+Groundnut 
Cas to r+Mus t a rd 
Caster+Neem 
Cas to r+Groundnu t 
Mustard+Neem 
Mustard+Groundnut 
Ne em> Groundnut 
I n i t i a l p o p u l a t i o n 
C . D . ( P - 0 . 0 5 ) 
( ^ 0 . 0 1 ) 
Hop 
Nematode p o p u l a t i o n p e r 
Trh 
Df I n d i a : 
60 
80 
— 
AO 
-
20 
— 
80 
40 
40 
— 
20 
60 
-
-
— 
20 
100 
C a u l i f l o w e r c v . Snowbal l 
U n t r e a t e d 
I n o r g , f e r t . 
Mahua cake 
C a s t o r cake 
Mus ta rd cake 
Neem cake 
Groundnut cake 
Mahua+Castor 
Mahua+Mustard 
Mahua+Neem 
Mahua+Groundnut 
Cas to r+Mus ta rd 
Castor+Neem 
Ca s t o r + Groundnut 
Mustard+Neem 
Mus t a rd+ Groundnut 
Neem+ Groundnut 
I n i t i a l p o p u l a t i o n 
C D . ( P - 0 . 0 5 ) 
( P « 0 . 0 1 ) 
Hop « Hoplo la imus 
Tyl « Ty lenchus f i 
T r i - T r i c h o d o r u s 
200 
100 
20 
40 
20 
40 
40 
20 
60 
40 
20 
20 
20 
— 
20 
60 
40 
100 
520 
460 
40 
100 
160 
140 
160 
260 
200 
140 
240 
320 
260 
280 
300 
200 
180 
300 
. * 
620 
580 
120 
300 
380 
100 
320 
220 
360 
200 
200 
260 
220 
380 
240 
140 
120 
300 
i n d i c u s . Trh 
Tyl 
200 
160 
80 
40 
20 
60 
40 
40 
40 
40 
80 
-
120 
100 
-
-
— 
100 
160 
100 
20 
-
20 
40 
40 
40 
20 
20 
20 
40 
40 
80 
20 
20 
— 
100 
Aph 
80 
20 
-
~ 
-
-
— 
40 
— 
20 
-
-
-
40 
100 
40 
40 
40 
100 
100 
— 
80 
40 
40 
40 
80 
40 
— 
-
-
-
-
— 
-
— 
40 
T r i 
140 
80 
40 
140 
40 
40 
40 
80 
-
-
-
40 
80 
tmm 
-
40 
100 
40 
80 
120 
— 
2 0 
20 
60 
-
60 
— 
— 
-
20 
140 
20 
100 
40 
40 
40 
200 g s o i l 
Tota l 
1000 
800 
160 
320 
220 
260 
240 
500 
280 
240 
320 
380 
520 
520 
400 
280 
340 
580 
72,324 
96.932 
1160 
1000 
160 
440 
480 
280 
440 
420 
480 
260 
240 
340 
420 
480 
380 
260 
200 
580 
85.666 
114.814 
= Tvlenchorhvnchus b r a s s 
l i f o r m i s , Aph = Aphe lenchus a 
m i r z a i . T o t a l » T o t a l p a r a s i 
venae. 
t i c , Sap 
Sap 
1040 
760 
440 
680 
880 
560 
280 
440 
600 
640 
440 
1320 
2060 
440 
1380 
2280 
760 
1520 
280 
560 
280 
360 
320 
440 
480 
680 
320 
360 
360 
360 
480 
980 
760 
440 
520 
1520 
i c a e . 
» Tot£ 
P l an t 
weight 
( g ) 
0.100 
0.400 
0,060 
0.600 
0.550 
0.700 
0.800 
0.550 
0.500 
0.500 
0.550 
0.900 
0.600 
0.800 
0..600 
0.650 
0.700 
0.045 
0.060 
0.100 
0.200 
0.065 
0.300 
0.420 
0.360 
0.380 
0.280 
0.230 
0.275 
0.420 
0.500 
0.400 
0.325 
0.325 
0.300 
0.500 
0.038 
0.051 
i l Saprozoi 
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The root-knot nematode, Meloldogyne Incognita was predominent 
on tomato, e g g p l a n t , c h i l l i and okra (Tables 1,2), and the s tunt 
nematode, Tylenchorhynchus brassicae on cabbage and cauliflower 
(Table 3 ) . In both the cases the susceptible hosts could not 
support t h e i r populations in the presence of oi lseed cakes 
(Tables 1-3). In the former case the root-knot development was 
s ign i f i can t ly inhibi ted by oilseed cakes on a l l the host crops 
(Tables 1,2) . 
Plant growth in a l l the cases improved due to the appl ica t ion 
of oi lseed cakes, excepting mahvia cake, and i t was much b e t t e r than 
caused by inorganic f e r t i l i z e r s in most of the cases , Mahua cake 
proved phytotoxic to c h i l l i , cabbage and cauliflower, and near-
phytotoxic to tomato and okra as p lan t weight was e i t h e r less than 
untreated control or s l i g h t l y higher than i t . The phytotoxic 
act ion of mahua cake was completely l o s t when i t was applied along 
with other cakes. I t , however, showed no sign of phytotoxlci ty 
to eggplant . 
DISCUSSION 
The data on f ield t r i a l s (T&bles 1-3) indicate t h a t a l l the 
amendments s ign i f i can t ly reduced the population of p l a n t - p a r a s i t i c 
nematodes. Barring mahua cake there has been a corresponding 
increase in plant weight of crops such as tomato, e g g p l a n t , c h i l l i , 
okra, cabbage and cauliflower, though the effect has var ied from 
crop to cirop. No difference in the efficacy of oi lseed cakes has 
been observed on such diverse nematodes as Meloidogyne incognita , 
Tylenchorhynchus brass icae . Ftotylenchulus reniformls. Hoplolaimus 
indieus . Helicotylenchus indicus, Tylenchus f i l i fo rmis , 
Aphelenchus avenae and Trichodorus mirzai . though Singh & 
Sitaramaiah (1973) haveexpressed doubts about the efficacy of neem 
cake against Tylenchulus semipenetrans. Oilseed cakes when mixed 
with other cakes with a view to reduce the i n i t i a l investment 
(mahua cake i s very cheap), have proved almost as eff icacious as 
individual cakes a lone . Moreover, mahua cake which has been found 
to be phytotoxic in repeated t e s t s (Alam, 1976; Khan, 1976) loses 
-7-
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i t s phyto toxic i ty . Oilseed cakes have been calculated to be cheaper 
than DD and DBCP (Alam, 1976) and thus provide a favourable r a t i o 
of costs to r e t u r n s . 
The oilseed cakes have been found effect ive in crops grown 
during winter when temperature ranged between 10-25^C ( e . g . , toiaato, 
cabbage and cauliflower) as well as in crops grown during summer 
when temperature ranged between 25-35°C ( e . g . , eggplant, c h i l l i 
and okra ) . Fbrther, the benef ic ia l e f fec ts have been observed a t 
two d i f fe ren t experimental s i t e s , v i z . , the Aligarh Muslim 
University Fhrm with s o i l pH about 7.7 and poor organic contents 
( e . g . , cabbage and caul i f lower) , and the Experimental Sta t ion cum 
Botanical Garden of the University a t Scindia Fort, Aligarh having 
s o i l pH about 8.4 and high organic contents ( e . g . , tomato, eggplant, 
c h i l l i and okra) . I t i s , therefore, reasonable to conclude tha t 
oilseed cakes are e f f i c i en t in reducing the population of p l a n t -
p a r a s i t i c nematodes and increasing p lan t growth under diverse s o i l 
and environmental condi t ions . These r e s u l t s with respect to the 
efficacy of oilseed cakes for the control of p l a n t - p a r a s i t i c 
nematodes are in agreement with those reported by Lear (1959), 
Mankau & Minteer (1962), Singh (1965), Singh & Si taraaaiah (1966, 
1971), Goswami & Swarup (1971), Alam & Khan (1974), Mishra & 
Prasad (l974) and Ismail et_ a l . (1976), 
Alam (1976) suggested tha t with the l i b e r a l supply of water, 
oi lseed cakes undergo decomposition and release many compounds 
including ammonia, phenols and aldehydes, the nematicidal nature 
of which have been proved by many workers (Eno e t aJ^., 1955; 
Khan e t al^., 1974a; Alam et_ al^., 1978, 1979). They a lso produce, 
during t h e i r decomposition, water soluble fractions which are 
highly toxic to nematodes (Khan e t a l . , 1974b; Alam et_ a l . , 1982). 
In a l l probabi l i ty the toxic pr inc ip les occupy the s o i l pore 
spaces where most of the noxious populations of nematodes occur. 
Each time when plants are watered,the soluble fract ions and other 
pi\)ducts are released and drained into pore spaces where they k i l l 
the nematodes and thus bring about reduction in inoculum density 
and keep the i r populations below economic threshold l e v e l s . Because 
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of t h e i r high s o l u b i l i t y , the toxic fract ions can reach in to the 
s o i l much beyond the rhizosphei^ region of the p lants and e i t he r 
k i l l or l imi t the mobility of nematodes in populations which are 
l e f t in the f ie ld from the preceding crops . Like nematicides, 
therefore , they play a preventive r o l e . 
Bet ter growth of plants in oi lseed cake amended s o i l appears 
to be due to reduction in nematode population as well as due to 
manureal ef fec t of cakes. Besides, in p lants grown in s o i l 
amended with oilseed cakes, the roots undergo physiological changes 
which make them unfavourable for nematode penetrat ion and feeding 
and thus inducing ce r t a in degree of res is tance agains t the 
nematode a t tack (Alam et, al^., 1977, 1980; Sitaramaiah & Singh, 
1978). In such a s i t ua t ion the oi lseed cakes play a curat ive r o l e . 
The microbial a c t i v i t y and the changes in physical proper t ies 
of s o i l , resul t ing from the appl ica t ion of oilseed cakes to the 
s o i l , may also have some adverse influence on nematodes (Ahmad 
et_ al_., 1972; Kirmani, 1977). There may be other modes of ac t ion 
of oi lseed cakes against p l a n t - p a r a s i t i c nematodes, 
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Although considerable information is available 
with respect to the effect of oilcakes on nem-
atode populations when applied to the soil (Lear'", 
1959; Mankau'", 1963; Mankau and Minteer™', 
1962; Khan et a/.'«.'2.i3), 1966, 1973, 1974; Singh'"', 
1965;Singh and Sitaramaiah^'^'^igge, 1971;Miller 
and Taylor22', 1970; Gour and Prasad", 1970 ; 
Goswami and Swarup", 1971; Srivastava et al}", 
1971; Mammen'", 1972; Prasad et al}-". 1972; 
Mathur and Prasad^'', 1973; Mishra and Prasad^^', 
1974;Alam and Khan^', 1974; Gowda and Setty»>, 
1973; Reddy and Setty^*", 1975), but little is known 
about their residual effect on nematodes in 
succeeding crops (Singh and Sitaramaiah'", 1966; 
Mishra and Prasad^", 1974). Therefore, an atteinpt 
has been made to study the comparative effect 
of oilcakes and nematicides on the soil populations 
of plant parasitic nematodes around crops in two 
consecutive seasons. 
Materials and Methods 
A thoroughly ploughed field was divided into 
10 sq meter beds, each with separate water 
channels. Beds were treated with DD(1, 2 Dichlor 
opropane + 1,3 Dichloropropene) at the rate of 
450 //hec, NemagonU, 2 Dibromo-3-chloropropaneJ 
at the rate of 55 / 'hec with the help of hand 
injector; and with urea, compost and oilcakes of 
castor (Ricinus communis L.), mustard (Brassica 
campestris \..) ,nQem'mar%osa.(Azadirachta indica 
Juss.) and groundnut (Arachis hypogaea L.) at 
the rate of 110kg N/hec. Urea was supplemented 
with superphosphate and murate of potash at 
the rates of 55kg P and K hec, while DD and 
Nemagon with N, P and K at the above rates. 
There were three beds for each treatment which 
were randomised. The beds were watered, and 
after 15 days of waiting period, four-week-old 
seedlings of tomato (Lycopersicon lycopersicum 
(L.)Karsten.) cv. Marglobe, tubers of potato 
(Solanum tuberosum L.) cv. Dehradun Gola and 
seeds of radish (Raphanus sativus I..)cv. Kannoji 
White were sown in November, 1970. Immediately 
after harvest, the beds were again prepared. To 
all the beds urea at the rate of 55kg N hec, 
superphosphate and murate of potash at the rates 
of 27.5 kg P and K/hec were added. Seeds of 
corn (Zea mays L.)cv. Ganga-5 following tomato, 
bottlegourd [Lagenaria leucantha Rusby. cv. 
Ribbed Long Green following potato, and san-
hemp (Hibiscus cannabinus L.) cv. Punjab Special 
following radish were sown in March. 1971. 
Nematode populations before treattnent and at 
the time of harvest of preceding as well as 
succeeding crops were dcterinined from repr-
esentative coinposit soil samples by using Oost-
enbrinks' elutriator combined with Baerman-
funnels (Southey^'i^ 1970) 
Results 
Tomato cv. Mar globe'corn cv.(!anga-5 : 
In the first season tomato cv. Marglobe was 
sown. The population of parasitic nematodes 
increased in inorganic fertilizer and compost 
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Table 1. Effect of orcanie amendments and neniaticidcs on the population of nematodes 
infestinfj tomato ev. Marglobc, potato cv. Dehradun Gola and radish cv.Kannoji 
White in field. 
Crops 
Tomato 
Nematode population per 200g soil 
Treatments 
Inorganic fertilizers 
Compost 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
UD 
Nemagon 
A. 5. 
/,. 5. 
/J. 
I). 
(at 
(at 
Hop 
152 
172 
74 
90 
84 
45 
14 
99 
-'% level) 
I'-'o level) 
Trh 
215 
215 
22 
34 
42 
14 
— 
-
Tyl 
151 
43 
74 
— 
— 
-^  
-
-
Mel 
290 
215 
111 
102 
84 
105 
12 
96 
0 t h 
— 
— 
— 
" 
— 
— 
— 
Total 
808 
645 
281 
226 
210 
164 
26 
195 
42.6 
58.7 
Sap 
760 
1849 
999 
782 
1344 
315 
378 
726 
Potato 
Radish 
Inorganic fertilizers 
Compost 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
DD 
Nemagon 
L. S. 
L. S. 
IX 
I). 
Inorganic fertilizers 
Compost 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
DD 
Netnagon 
L. S. 
L. S. 
D. 
0. 
(at 
(at 
{at 
{at. 
484 
430 
120 
32 
38 
42 
16 
114 
5% level) 
r^o level) 
156 
18 
15 
66 
75 
19 
-
-
-'^s level) 
1^-c level) 
425 
86 
40 
— 
38 
— 
— 
— 
135 
108 
52 
— 
25 
18 
-
16 
210 
215 
80 
96 
38 
84 
-
114 
105 
-
36 
16 
16 
12 
-
-
690 
258 
120 
48 
110 
120 
— 
228 
54 
72 
-
— 
— 
— 
-
48 
— 
— 
-
— 
— 
16 
-
338 
— 
— 
32 
15 
— 
-
-
1857 
989 
360 
176 
224 
246 
32 
456 
104. 1 
143.4 
788 
198 
103 
144 
131 
49 
— 
16 
93.8 
129.2 
3420 
4902 
5280 
2496 
5016 
2152 
3120 
3116 
2430 
1710 
3408 
2560 
4150 
2622 
510 
1092 
Initial population of nematodes 145 110 110 200 25 590 500 
Each value is an average of 3 replicates. 
Uop = Iloplolaimus indicus, Trh = Tylenckorhynclms brassicae, Ty\-^ Tylenchus filiformis, 
Me\ =Meloidogyne incognita larvae, Oth = Othcr Tylcnchids, Tota l=Total Parasitic, 
Sap =Total saprozoic. 
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Fig. 1. 
DIFFERENT TREATMENTS IN FIRST SEASON 
Residual effect of different treatments on the population of plant parasitic nematodes. 
treated beds and decreased in other treatments 
significantly. The initial population of 590 per 
200<; soil was changed to 803,615. 281, 226, 210, 
164,26 and 195 in inorganic fertilizers, compost, 
castor, itiustard, neeni, groundnut cakes, DD and 
Nemagon treated beds respectively (Table 1, 
Fig. 1). When corn cv. Ganga-5 was sown in 
the next season, these populations were 1040, 
540, 360, 360, 540, 180. 240 and 260 respectively 
(Table 2, Fig. 1). Therefore, in the next season 
the population of all the n3matodcs increased in 
all the beds, however, the increase was less in 
oilcakes and ncmaticides than inorganic fertilizers 
and compost treated beds. 
Potato cv. Dehradun Gola/bottlegourd cv. Ribbed 
Long (ireen: 
The population of all the parasitic nematodes 
was increased in inorganic fertilizers and coinpost 
treated beds and was significantly inhibited in 
other treatments in the first season. The final 
population in inorganic fertilizers, compost, castor. 
mustard, neem, groundnut cakes, DD and Nemagon 
treated beds was 1857, 939, 360, 176, 224, 246, 32 
and 456 respectively, as against 590 per 200g soil 
of initial level (Table 1, Fig. 1). In the next 
season the corresponding figures for the popula-
tion were 2360, £60, ISO, 20, 200, 20. 540 and 500 
respectively (Table 2, Fig. 1). Here, the residual 
effect was prominent in oilcake treated beds. 
Radish cv. Kannoji White/san-hemp cv. Punjab 
Special: 
Significant reduction in the population of par-
asitic nematodes was noticed in the first season 
in all the treatments except inorganic fertilizers, 
where there was an increase. The initial population 
of 590 per 200g soil was changed to 788, 198, 103. 
144, 131, 49, nil and 16 respectively in inorganic 
fertilizers, compost, castor, mustard, neem, 
groundnut cakes, DD and Nemagon treated beds 
(Table 1, Fig. Ij ; while it was further changed 
in the next season to 1500,1120,560.180,420,360. 
160 and 320 respectively (Table 2, Fig. 1). Here. 
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Table 2. Residual effect of organic amendments and neniaticides on the population of 
nematodes infesting conn cv. Ganga-5 (following tomato cv. Marglobe), 
bottlegourd cv. Ribbed Long Green (following potato cv. Dehradun Cola), 
and san-hemp cv. Punjab Special (following radish cv. Kannoji white) in 
field. 
Nematode population per 200g soil 
Crops Preceding treatments 
Hop Trh Tyl Mel 0 th Total Sap 
Corn Inorganic fertilizers 420 .340 200 80 
Compost 
Castor cake 
Mustard cake 
Neein cake 
Groundnut cake 
DD 
Neinagon 
L. S. 
L. S. 
D. 
D. 
{at .5% 
{at V-o 
180 
120 
200 
100 
40 
— 
240 
level) 
level) 
220 
140 
140 
240 
20 
200 
20 
80 
80 
-
140 
100 
40 
-
69 
20 
20 
69 
20 
— 
-
Bottlegourd Inorganic fertilizers 690 580 400 720 60 
Compost 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
DD 
Nemagon 
L. S. 
L. S. 
D. 
D. 
Inorganic fertilizers 
Compost 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
DD 
Nemagon 
L. S. 
L. S. 
D. 
D. 
{at 
{at 
{at 
{at 
y^o 
V'o 
j ^ ^ 
I'^o 
163 
100 
20 
80 
20 
169 
160 
level) 
level) 
220 
160 
60 
-
60 
120 
20 
40 
level) 
level) 
200 
40 
— 
40 
— 
260 
20 
520 
460 
200 
80 
180 
169 
140 
240 
200 
40 
— 
40 
— 
20 
80 
420 
400 
200 
80 
180 
80 
-
-
300 
--
-
40 
— 
100 
240 
320 
100 
100 
20 
-
— 
— 
20 
Sanhemp fertilizers 20 
1040 
540 
369 
369 
540 
180 
240 
269 
64.99 
90.20 
2369 
869 
180 
20 
200 
20 
540 
500 
142. 99 
198.45 
1500 
1120 
569 
180 
420 
369 
169 
320 
114.39 
158. 76 
1320 
800 
1360 
1040 
1080 
469 
1340 
400 
1080 
569 
1769 
1420 
1680 
1120 
1140 
580 
1300 
920 
2080 
1220 
1540 
1320 
620 
1540 20 
Each value is an average of 3 replicates. 
Hop —Hoplolaimus indicus, Trh= Tylenchorliynchus brassicae, Ty\= Tylenclms filiformis, 
Mel = Afeloidogyne incognita larvae, Oth = Other Tylenchids, Total = Total parasitic, 
Sap = Total saprozoic. 
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the population build-up in oilcakes and nemati-
cides treated beds was much less than inorganic 
fertilizers and compost treated beds. 
Discussion 
It is abundantly clear from the above that 
oilcakes considerably suppressed the populations 
of Hoplolaimus indicus, Tylenchorhynchus brassi-
cae, Tylenchus filiformis and Meloidogyne inc-
ognita infesting tomato, potato and radish. How-
ever, the efficacy varied for different nematodes 
in different crops. These results are, in a way, 
in accord with those of Lear"" (1959), Mankau" ' 
(1963), Mankau and Minteer^"' (1962), Khan et 
al.'^'"> (1973, 1974), Gour and Prasad" (1970), 
Prasad et a(."> (1972), Mathur and Prasad^" (1973), 
Mishra and Prasad^" (1974), Alam and Khan^' 
(1974) and Reddy and Setty2«> (1975), 
Further, the results clearly demonstrate that 
beneficial effect of oilcakes persisted even after 
a lapse of six months when corn, bottlegourd 
and san-hemp have been grown in the following 
season. Similar results have been obtained by 
Singh and Sitaramaiah^" (1966) and Mishra and 
Prasad^" (1974). 
The inorganic fertilizers and compost, on the 
other [hand, failed to exhibit any nematicidal 
property (Alam and Khan^', 1974). 
Various explanations have been given for the 
control of nematodes as a result of application 
of organic matter to the soil. These include, the 
predaceous and parasitic activity of soil biota 
on plant parasitic nematodes (Linford'^', 1937; 
Mankau'", 1962; Oteifa et al}'\ 1961), changes 
in physico-chemical properties of soil (Ahmad et 
al.'\ 1972), toxicity of decomposed products of 
organic amendincnts (Eno et al.'\ 1955 ; Patrick 
et al}"', 1965 ; Sayre et al}^\ 1965 ; Walker'^', 
1971; Miller et alP\ 1973; Khan et al."\ 1974) 
and others. Oilcakes are made-up of various 
complex organic substances which are decom-
posed rather slowly (Daji and Iyengar", 1971), 
therefore their nematicidal properties persisted 
for longer duration. Poor results from amending 
the soil with compost may be due to the fact 
that very little or no toxic principles are released 
as it is already decomposed before its application 
to fields. 
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DD and Nemagon were also found to be highly 
efficacious against plant parasitic nematodes. 
These results are in agreement with those of 
Alam et al.^' (1975), Kirmani et al.'" '1975) and 
Reddy and Setty^" (1975). These test nematicides 
also showed residual effect in the subsequent 
crops (Hodges and Lear", 1973), which might 
have been due to the fact that they drastically 
reduced the nematode population to such a low 
level in the first season that its build-up to 
higher level required more time during the 
consecutive season. 
Summary 
Oilcakes of castor, mustard, neein and groundnut 
and two nematicides viz., DD and Nemagon consi-
derably suppressed the population of Hoplolaimus 
indicus, Tylenchorhynchus brassicae, Tylenchus 
filiformis and Meloidogyne incognita around 
tomato, potato and radish. The beneficial effect 
of these treatments persisted even after a lapse 
of six months when corn, bottlegourd and san-
hemp were grown in the following season. Inor-
ganic fertilizers and compost failed to exhibit 
nematicidal property. 
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Bone meal was found to reduce soil populations of Hoplolaimus indicus, Halicotyle-
nchus indicus, Rotylenchulus reniformis, Tylenchorhynchus brassicae, Tylenchus filiformis 
and Meloidogyne incognita around the roots of 12 different crops. These crops influenced 
the nematode populations differently. 
INTRODUCTION 
It has been proved beyond any doubt that orga-
nic soil amendements suppress nematode populations 
(Singh and Sitaramaiah, 1970; Sayre, 1971). However, 
the effect of bone meal as soil amendment on phyto-
parasitic nematodes has not yet been determined. There-
fore, the present studies were undertaken. 
MATERIALS AND METHODS 
A field harbouring moderate populations of 
phytoparssitic nematodes was thoroughly ploughed and 
divided into small beds each measuring 10 sq meter. 
Separate wafer channels were provided to each bed 
in order to avoid contamination through irrigation. 
The beds were treated wi th either bona meal or urea 
so as to provide 110 kg N/ha. Beds supplied wi th ure i 
were also given superphosphate at the rate of 55 kg 
P/ha and murate of potash at the rate of 55 kg K/ha. 
Untreated beds served as control. Each treatment was 
randomly arranged and was replicated thrice. The beds 
were regularly irrigated, and after three weeks of wai t -
ing period, seeds of table beet [Beta vulgaris L ) cv. 
Globe, turnip {Brassica rapa L.) cv. Redball, radish 
(Raphanus sativus L ) cv, Kannoji White, cowpea 
(Vigna catjang Walp.> cv. Local, Kidney bean (Phaseolus 
aconitifolius Jacq.) cv. Local, horse gram (Dolichos 
biflorus Roxb.) cv. Local, pearlmillet (Pennisetum typ-
hoides Stapf.) cv. Local and sunhemp (Crotalaria junc-
e^ L.) cv. Local were sown or four-week-old seedlings 
of on\ot\ (Allium capa L.) cv. Local, tomato (iyco/je/--
sicon lycopersicum (L.) Karsten.) cv. Marglobe, cabb-
age (Brassica oleracea capitata L.) cv. Pride of India 
dnd cauliflower (B. oleracea botrytis L.) cv. Snowball 
were transplanted. Necessary agronomic practices were 
observed throughout the experiment which lasted 
about 90-120 days after sewing/transplanting 
depending upon the time of maturation of the crops. 
Initial and final populations of nematodes were 
determined from representative composit soil samples 
(200 g each) by using Oostenbrink's elutrjator combined 
with Baerman funnels (Soj they, 197Q), 
RESULTS AND DISCUSSION 
Results presented in Table 1 show that in table 
beet the total population of parasitic nematodes was 
400, 320 and 260 In untreated beds and beds treated 
wi th inorganic fertilizer and bone meal respectively; 
in turnip 280, 240 and 100; in radish 360, 240 and 
140; in onion 1060, 620 and 520; in tomato 1980, 1340 
and 820; in cabbage 1340, 680 and 380; in caulif lower 
1360, 740 and 220; in cowpea 900, 600 and 340; in 
kidney bean 820, 1020 and 760; in horse gram 1000, 
900 and 820; in pearlmillet 800, 700 and 300; and in 
sunhemp 200, 80 and 120 respectively for correspond-
ing treatments. In all the crops the population of para-
sitic nematodes was poor in plots treated wi th bone 
meal and it shows that bone meal has 'nemat icdal ' 
properties, besides a manure has an extra property 
of reducing nematode population. 
The inorganic fertilizers, on the other hand, fa i -
led to exhibit any 'nematicidal' action. Similar results 
have been reported by Alam and Khan (1974). 
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Table 1. Effect of bone meal on the population of phytoparasitic nematodes infesting certain crops In field. 
Crops Treatments 
Population of nematodes per 200 g soil 
Hop Hel Rot Tfh Tvl Mel 0th Total Sap 
Table* 
beet 
Turnip* 
Radisft* 
Onion* 
Tomato* 
Cabbage* 
Cauli-* 
flower 
Cowpea** 
Kidney** 
bean 
Horse** 
gram 
Pearl-** 
millet 
Sunhsmp* 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bona meal 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bone meal 
Untreated 
Inorg. fert. 
Bone meal 
' Untreated 
Inorg. fert. 
Bone meal 
20 
20 
20 
40 
20 
20 
30 
60 
20 
120 
60 
80 
100 
60 
60 
80 
60 
80 
100 
20 
80 
20 
80 
80 
220 
240 
20 
200 
360 
160 
100 
40 
Initial population* 80 
Initial population** 60 
80 
20 
200 
40 
40 
40 
20 
20 
20 
20 
40 
40 
40 
20 
20 
20 
— 
40 
20 
20 
140 
120 
60 
60 
80 
100 
20 
-
20 
80 
20 
— 
— 
— 
— 
— 
— 
40 
— 
— 
— 
— 
— 
— 
-
— 
-
60 
— 
260 
160 
160 
140 
120 
40 
200 
120 
40 
620 
350 
280 
700 
560 
260 
880 
340 
180 
980 
620 
220 
580 
380 
140 
420 
660 
380 
600 
620 
660 
580 
320 
100 
80 
80 
80 
300 
360 
60 
80 
40 
60 
80 
40 
40 
40 
40 
120 
40 
60 
100 
80 
60 
160 
140 
40 
60 
20 
— 
-
-
— 
-
20 
— 
20 
29 
-
-
— 
20 
— 
— 
— 
180 
— 
— 
— 
-
— 
-
-
— 
-
— 
— 
-
— 
900 
500 
260 
120 
100 
-
40 
— 
— 
100 
140 
100 
80 
— 
20 
300 
40 
20 
— 
— 
— 
— 
— 
— 
200 
100 
20 
20 
20 
20 
— 
— 
-
-
20 
60 
40 
40 
120 
60 
80 
80 
40 
60 
100 
60 
-
60 
80 
— 
40 
120 
40 
40 
160 
140 
— 
-
-
-
— 
-
80 
40 
400 
320 
260 
280 
240 
100 
360 
240 
140 
1060 
620 
520 
1980 
1340 
820 
1340 
680 
380 
1360 
740 
220 
900 
600 
340 
820 
1020 
760 
1000 
900 
820 
800 
700 
300 
200 
80 
120 
900 
600 
1240 
1520 
1480 
860 
1300 
980 
1060 
1700 
1060 
1300 
2140 
1480 
900 
1960 
1180 
640 
1900 
1580 
2120 
1220 
1220 
800 
1140 
620 
520 
1060 
700 
900 
980 
2540 
440 
500 
580 
740 
1020 
780 
2080 
820 
Each value is an average of three replicates. 
HQp=Hoplo/aimus indicus, He\=Helicotylenchus Indicus. HoX=Rotylenchului raniformis, Jf\i=Tylenchorhynchus 
brasslcae, '[y\=Tylenehus filiformls. Me\=Meloi(fogyn» incognita larva*, Oth~Oth«r parasitic, Total»Total para-
sitic, Sap~Total saprozoic. 
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Various mechanisms have been proposed to exp-
lain the mode of action cf organic soil amendments for 
the control of plant parasitic nematodes. These include. 
an ir:creas8 in the predaceous and parasitic activjtv of 
soil biota on plant parasitic nematodes (Lintord. 1937). 
changes in phvsicochemi'^al prooetties of soil (Ahma-l 
et al,, 1972), increase in host resistance (Van der L i^an. 
1956) and toxicity of decomooslng products of o-ganic 
additives (Sayreet a l , 1965: Khan et el.. 1974). These 
possibilities can not be ruled out in the control of nem 
atodes with the application of bone meal to soil Stud-
ies in these directions are in progress. 
It also appears that onrun, cauliflower, cowpea, 
kidney bean, pearlmillet and sunhemp supported multi-
plication of Hoplolaimus indicus and thus proved to 
be good hosts. Similarly cowpea and kidney bean were 
frund to be good hosts for Helicotylenchus indicus; 
onion, tomato and cauliflower for Rotylenchulus ren-
iformis; onion tomato, cabbage, cauliflower, cowpea, 
kidney bean, horse gram and pearlmillet for Tylenchot-
hynchus brassicae: tomato, cowpea and horse gram 
for Meloidogyne incognita (Table 1). 
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EFFECT OF SAWDOST AND AMMONIUM SULPHATE ON THE POPULATION OF 
PLANT-PARASITIC NEMATODES AND YIELD/PLANT GROWTH OF SOME 
CROPS* 
M. MASHKOOR ALAM 
Depar-bmen-b of Bo-tany, 
Aligarh Muslim University, Aligarh-202002, India 
Beth sawdust and ammoniuin sulpViate reduced the 
population of plant-parasitic nematodes significantly on all 
the test plants. However, it was more pronounced in sawdust 
treated beds. In case of sawdust, nematode population 
consistantly decreased with increasing dose of carbon. The 
decrease in nematode population was further enhanced in 
presence of nitrogen. Sawdust at all C levels increased 
yield which was further increased in presence of nitrogen, 
excepting turnip where higher doses of C were phyto-toxic. 
The beneficial effects of different treatments persisted in 
the next crop also. 
INTRODUCTION 
Soil application of organic matter for improvement of 
crop productivity is a practice almost as old as 
agriculture. However, its additional benefit to control 
phytonematodes was demonstrated by Linford and co-workers in 
the thirties (Linford, 19.37; Linford et al . , 1938). With the 
removal of many promising nematicides from use in several 
industrialized countries due to environmental problems, 
there has been a renewed interest in unconventional 
technologies for nematode control, such as the utilization 
of organic materials, many of which go waste or are used in 
less important work, Muller & Gooch (1982) have given a 
critical analysis of literature on organic amendments in 
nematode control. They pointed out that among large number 
* Paper presented in First International Congress of 
Hematology at Guelph, Ont., Cmnada (Aug. 5-10, 1984). 
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of organic materials, sawdust, a byproduct of wood industry, 
has received comparatively less attention of 
scientists,though it has shown good nematode controlling 
properties (Miller & Edgington, 1962; Singh et al, 1967; 
Singh &. Sitaramaiah, 1971). In the present study sawdust and 
anunonium sulphate have been tested in different C:N ratios 
against plant-parasitic nematodes infecting some crops in 
field. 
MATERIALS & METHODS 
A field harbouring moderate to high populations of 
plant-parasitic nematodes was selected for the study. It was 
divided into 10 m beds, each separated by 0.5 m wide buffer 
area. Sawdust of mango {Hangifera iridica L.) at the rate of 
500, 1000 and 2000 lbs carbon per acre and/or ammonium 
sulphate at the rate of 100 lb nitrogen per acre were 
applied to different beds so as to give different ratios of 
carbon to nitrogen, viz., 0:1, 5:0, 10:0, 20:0, 5:1, 10:1 
and 20:1. Each treatment was replicated six times. Untreated 
beds served as control. Carbon in the sawdust, estimated by 
Liebig's method, was found to be 45.69 per cent, while 
nitrogen as estimated by Duman's method was in negligible 
amount. The carbon and nitrogen in the soil, prior to the 
amendment, were common factors in all the treatments, 
therefore, not considered for adjusting the final C:N 
ratios. The beds were watered immediately after treating the 
soil. Seeds of carrot (Daucus carota L.) cv. Early Nantes, 
radish {Rapharius sa±i\^us L.) cv. Long Vfhite, table beet 
{Beta vulgar is L.) cv. Globe, turnip {Brassica rapa L.) CV. 
Early Snowball, wheat {Triticum aestivu* L. ) cv. HD-1982, 
-2-
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and barley {Hordeuw i^algare L.) cv. BG-49 were sown after a 
waiting period of two weeks. Aftercare such as weeding, 
watering, etc. was done when necessary. The experiment was 
terminated four months after treatment. Nematode population 
prior to treatment as well as at the time of termination was 
determined by i^cessing the soil with the help of Cobb's 
sieving & decanting and modified Baermann funnel techniques 
(Southey, 1986). Yield of crops was also determined. 
Another experiment was also established for determining 
the residual effect of different treatments in the next 
season. The first crop was linseed (Lirium usitatissimum L.) 
where the different .steps with respect to treatment, sowing, 
termination, etc. were same as described above. After 
harvest, the beds were again prepared in the same fashion 
and then seeds of okra {Abeluoscbus esculentus Moench.) cv. 
Pusa Sawani were sown without giving further treatment to 
the .5oil. Plant growth of okra and soil population of 
nematodes was determined after three months of sowing. 
RESULTS 
All treatments caused significant reduction in the 
population of plant-parasitic nematodes (Tables 1,2a). 
However, it was more in sawdust treated beds than ammonium 
sulphate treated beds. In case of sawdust the population of 
plant-parasitic nematodes consistantly decreased with an 
increase in the dose of carbon, however, the decrease was 
more pronounced in presence of nitrogen (Tables 1,2a) 
-3-
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TABLE 1 
Effect- of sawdust and ammonium sulphate in different C". N ratio.:; 
on the population of plant-parasitic nematodes and yield of some 
root crops and cereals, (value.s are mean of 6 replicates). 
Nematode population/200g soil Yield/ 
Crop C;N - acre 
Hop Hel Rot Trh Tyl Mel Total Sap (q) 
Carrot 
cv.Early 
Nante.s 
Radish 
cv.Long 
white 
Table 
beet 
cv.Globe 
0:0 
0; 1 
5:0 
10:0 
20:0 
5: 1 
10: 1 
20: 1 
0:0 
0:1 
5:0 
10:0 
20:0 
5:1 
10: 1 
20:1 
0:0 
0: 1 
5:0 
10:0 
20:0 
5:1 
10: 1 
20:1 
100 
40 
-
40 
40 
60 
-
CD. 
40 
-
80 
20 
-
40 
-
-
30 
60 
60 
80 
20 
80 
60 
20 
{P-C. 
60 
60 
100 
40 
60 
80 
20 
60 
C D . (P-
20 
-
-
20 
20 
-
-
-
(Pr 
60 
120 
100 
80 
80 
80 
100 
20 
C D . {P--
{P-. 
40 
30 
-
40 
40 
-
).01 ) 
40 
20 
40 
-
20 
80 
20 
40 
-0.05) 
-0.01) 
60 
-
-
-
20 
-
-
20 
^0.05) 
=0.01) 
860 
620 
.340 
280 
100 
300 
280 
80 
600 
620 
400 
300 
60 
280 
180 
80 
660 
500 
460 
360 
300 
380 
300 
240 
20 
-
40 
-
-
-
40 
20 
60 
20 
80 
-
-
60 
-
-
60 
80 
-
20 
20 
20 
40 
40 
160 
100 
40 
-
-
20 
20 
0 
20 
-
-
20 
-
20 
-
20 
180 
80 
-
20 
-
20 
40 
-
1260 
900 
480 
440 
160 
500 
400 
120 
83.92 
119.76 
820 
720 
700 
380 
140 
560 
220 
200 
1120 
720 
1420 
580 
830 
900 
760 
780 
2660 
2040 
2060 
1960 
1800 
1500 
1760 
2320 
20.30 
27.91 
1040 
780 
560 
500 
440 
500 
480 
320 
940 
400 
520 
820 
760 
720 
840 
480 
22.33 
30. 70 
98.49 
121.21 
98.49 
151.52 
159.09 
151.52 
159.09 
201.52 
8.76 
20.90 
234.85 
348.49 
212.12 
250.00 
257.58 
348.49 
401.52 
416.67 
16.67 
23.13 
118.18 
174.24 
120.46 
122.73 
147.73 
186.36 
218.18 
272.73 
12.51 
29.86 
contd.. 
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TABLE 1 (contd.) 
Nematode population/200g soil Yield/ 
Crop C:N acre 
Hop Hel Rot Trh Tyl Mel Total Sap (q) 
Turnip 
cv.Early 
Snowball 
Wheat 
cv. 
HD-1982 
Barley 
cv.BG-49 
Initial 
0:0 
0:1 
5:0 
10:0 
20:0 
5:1 
10: 1 
20: 1 
0:0 
0:1 
5:0 
10:0 
20:0 
5:1 
10:1 
20:1 
• 
0:0 
0:1 
5:0 
10:0 
20:0 
5:1 
10:1 
20:1 
population 
120 
80 : 
-
-
-
20 
-
40 
CD 
40 
20 
-
40 
-
20 
-
-
C D 
20 
-
40 
-
40 
20 
-
C D 
60 
80 
L60 
40 
40 
20 
40 
40 
20 
(P: 
-
-
-
-
-
20 
-
-
. {P-
(P-
-
-
-
-
-
20 
-
. (P-
(P: 
80 
60 
60 
-
20 
-
-
-
=0.05) 
=0.01) 
40 
20 
20 
-
20 
20 
-
20 
=0.05) 
=0.01) 
-
20 
20 
-
20 
-
40 
20 
=0.05) 
=0.01) 
100 
580 
340 
340 
380 
120 
300 
200 
80 
400 
400 
340 
280 
160 
300 
220 
80 
920 
800 
780 
980 
580 
600 
380 
360 
220 
80 
80 
20 
-
20 
80 
-
100 
80 
20 
80 
20 
60 
20 
80 
180 
100 
60 
60 
100 
100 
20 
20 
40 
100 
60 
20 
20 
20 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
100 
1020 
780 
420 
460 
180 
440 
240 
140 
40.60 
55.81 
580 
520 
380 
400 
200 
420 
240 
180 
1120 
1940 
1820 
1840 
2740 
1600 
1140 
1560 
960 
800 
560 
800 
500 
1440 
960 
660 
26.35 
36.31 
1120 
920 
900 
1040 
740 
740 
440 
400 
31.89 
43.94 
600 
1020 
720 
1060 
800 
1260 
1060 
540 
480 
860 
143.94 
340.91 
181.82 
181.82 
128.79 
409.09 
250.00 
174.24 
32.20 
44.19 
3.33 
8.82 
4.24 
4.39 
4.47 
14.70 
14.77 
15.00 
2.23 
3.10 
3.03 
10.76 
3.18 
5.46 
5.68 
14.09 
13.33 
12.42 
2.48 
3.44 
Hop = HopJol&i»us indicus , Hel = Helicotylenchus indicus , Rot = 
Rotylenchulus reniformis, Trh = Tylerichorhynchus brassicae , Tyl = 
TyJenchus filiformis, Mel = Hcloidogyne incognita larvae. Total 
= Total Tylenchids, Sap = Total saprozoic. 
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TABLE 2a 
E f f e c t of sat^duBt and smuoniuiri s u l p h a t e i n d i f f e r e n t C:N r a t i o s on 
t he p o p ' j l a t i o n of p i a n t - p a r as i 11 c nematodeB and y i e l d of l i n s e e d c v . 
L o c a l , ( v a l u e are irtean of 6 r e p l i c a t e s ) . 
Nematode p o p u l a t i o n / 2 0 0 g s o i l Y i e l d / 
C:N a c r e 
Hop Trh Tyl Aph Tri Total Sap (q) 
0:0 20 400 40 40 20 520 320 1.19 
0:1 20 320 - 20 40 400 400 3.22 
5:0 - 460 40 40 80 620 740 1.56 
10:0 20 120 - 20 40 280 400 1.42 
20:0 120 40 80 20 260 1588 1.36 
5:1 20 200 120 100 160 600 1448 2.75 
10:1 - 130 140 20 188 520 1448 2.71 
20:1 168 40 60 100 360 1148 2.97 
Initi al 
population 
20 
CD. 
220 
(IF=0.05) 
<«»=0.01) 
88 60 88 468 1268 
23.74 
32.72 
0.29 
8.40 
TABLE 2b 
Residudl effect of sawdust and ammonium sulphate in different C;N 
ratios on the population of plant-parasitic nematodes and plant 
growth of o^ra cv. Pusa Sanani. (values are mean of 6 replicates). 
Nematode population/208g soil Plant 
C:N weight 
Hop Trh Tvl Aph Tri Total Sap (kg) 
9:0 288 430 168 - 38 920 380 0.482 
8:1 160 360 120 - 48 688 848 8.301 
5:0 - 340 60 - 20 428 780 0.888 
10:0 30 488 100 - 20 680 368 8.988 
28:0 20 248 60 - 20 340 328 8.780 
5:1 60 280 28 40 408 728 8.886 
18:1 60 320 - - - 388 368 0.838 
20:1 20 288 40 28 - 368 788 8.722 
CD. (/P=8.05) 
(f=0.01) 
21.5t 
30. IC 
0.21 
8.29 
Hop = Hoplolaitus indicus^ Trh =Tylenchorhynchus 6rassicae, Tyl = 
Tylenchus filifornis^ Aph = Aphelenchus iveme^ Tri = Trichodorus 
tirzai^ Total = Total parasitic, Sap = Total saprozoic. 
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Sawdust at all levels of carbon increased the yield 
which was further increased in presence of nitrogen (Tables 
1,2a) with the exception of turnip where C:N ratios of 
10;0, 10:1, 20:0 and 20:1 were phyto-toxic (Table 1). 
Studies pertaining to the residual effect of different 
treatments clearly revealed that population build-up of 
nematodes was effectively checked by different treatments 
over untreated control (Table 2b). These treatments also 
showed beneficial effect on plant growth of okra in the next 
season (Table 2b). 
DISCOSSION 
Significant control of plant-parasitic nematodes by 
the application of sawdust, as achieved in the present 
study, is in agreement with the findings of Miller & 
Edgington (1962) and Singh ct ai. (1967). The mode of action 
of sawdust against plant-parasitic nematodes has not been 
worked out but it may be similar to that reported for other 
organic additives such as the presence of nemato-toxic 
substances in the amendment, and the toxicity of 
decomposition products (Alam et »1 ., 1978, 1979; Khan et 
al., 1974). It is also possible that the amendment has 
increased the predacious and parasitic activity of soil 
microorganisms (Linford, 1937) or has changed the physical 
and chemical properties of the soil inimical to nematodes 
(Ahmad et ai., 1972), or has induced resistance in the 
plants (Alam et al, 1977, 1980; Sitaramaiah & Singh, 1978). 
The reduction in nematode population by ammonium sulphate 
may be through ammonia generated by it (Mojtahedi & 
Lownsbery> 1976). 
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The carbon content of sawdust, or in other words the 
amount of sawdust, appears to have a correlation with the 
decline in nematode population, i.e., with an increase in C 
content there was more reduction in nematode population. 
However, in presence of N, there was further reduction in 
nematode population. This could be the combined effect of 
these treatments. 
WVien N is also added alongwith C the C-N ratio is 
narrowed (compared with the absence of N); it brought about 
more nematode control. However, among different treatments 
having N it was observed that narrow C:N ratios were less 
effective thanwider C:N ratios. Thus no generalization can 
be made for the correlation of C-N ratio and the degree of 
nematode control. It is contrary to the observations of Mian 
& Rodriguez-Kabana (1982) who reported that there was 
inverse relation between the C:N of the amendment and its 
effectiveness against phyto-nematodes. In another 
publication, however, Rodriguez-Kabana et al. (1987) noted 
that the effectiveness of a given amendment for nematode 
suppression depends on its chemical composition and the 
species of microorganisms that develop during the 
decomposition of the amendment. 
Sawdust alone improved plant growth over untreated 
control which increased with the dose.It was partly due to 
reduction in nematode population. But when nitrogenous 
fertilizer was also added the growth improved further. It is 
due to reduction in nematode population and also due to the 
fertilizer effect. Phyto-toxicity in some cases may be due 
to specific reaction of the plant to the dose of sawdust. 
-8-
255 
The persistance of effectiveness of sawdust in the next 
crop may be due to its slow degradation for longer dtfetions. 
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DTILIZATION OF SAWDUST AS SOIL AMENDMENT FOE CONTROL OF 
NEMATODES INFESTING SOME VEGETABLES 
MANSOOR A. SIDDIQUI & M. MASHKOOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India 
Sawdusts of neem and mango greatly reduced root-knot 
development and multiplication of R. reniformis on tomato 
and eggplant, and T. brassicae on cabbage and cauliflower. 
The nematode control gradually increased with increasing 
dose of sawdust. Sawdust of neem was more efficacious than 
that of mango. Ammonium sulphate also proved effective 
against these nematodes but the degree of nematode control 
was less than achieved by the sawdusts. As a consequence of 
nematode control plant growth improved, with a few 
exceptions where higher doses of sawdust were phytotoxic to 
tomato and eggplant but not to cabbage and cauliflower. 
Combined effect of sawdust and ammonium sulphate was more 
than either of the treatments both with respect to nematode 
control and to the improvement in plant growth. The 
phytotoxicity of sawdust was effectively eliminated by 
supplementing the sawdust with ammonium sulphate. 
INTRODUCTION 
Large quantities of sawdust are produced as byproduct 
of wood industry. It is utilized as cheap fuel, liquid 
absorbent, filling material, etc. Since it is deficient in 
nitrogen, it is not favoured as soil amendment, though some 
reports indicate its potential for nematode control (Miller 
& Edgington, 1962; Singh et ai., 1967; Singh & Sitaramiah, 
1971). Therefore, it has been suggested (Singh ef al ., 1967) 
that it should be supplemented with nitrogenous fertilizers. 
Mian & Rodriguez-Kabana (1982) have claimed that nematode 
control properties of soil amendments are directly related 
with its N content or inversely related with its C:N ratio. 
But in case of sawdust it was noted by one of the author 
(Alam, unpublished data) that it is not the C:N ratio but 
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the C content or in other words the amount of sawdust which 
has direct correlation with the extent of nematode control. 
However, in another report Rodriguez-Kabana e*^  al . (1987) 
expressed the opinion that the effectiveness of a given 
organic matter depends on its chemical composition and the 
types of microorganisms that develop during its 
decomposition. In order to further verify these results, an 
attempt has been made to compare the efficacy of sawdust of 
two different sources against plant - parasitic nematodes 
infesting certain vegetables. 
MATERIALS & METHODS 
One kg of autoclaved soil in 15 cm diameter clay pots 
was treated with sawdust of neem {Azadirachta indica A. 
Juss. ) or mango (Hangifera indica L.) at the rate of 5, 10 
and 20g carbon and/or ammonium sulphate at the rate of Ig 
nitrogen. Thus different C:N ratios (0:1, 5:0, 10:0, 20:0, 
5:1, 10:1 and 20:1) were maintained. The nitrogen in the 
sawdust was in negligible amount. The carbon and nitrogen in 
soil, if any, prior to amendment, were common factors in all 
the treatments, therefore, were not considered for the 
adjustment of final C/N ratio. After a waiting period of 
two weeks, .3-week-old seedlings of tomato {Lycopersicon 
esculentam Mill.) cv. 'Pusa Ruby', eggplant (Solanum 
Melongena L.) cv. 'Pusa Purple Long' cabbage (Brassica 
oleracea capitata L.) cv. 'Pride of India' and cauliflower 
(Brassica oleracea botrytis L. ) cv. 'Maghi' raised in 
sterilized soil, were transplanted to these pots. Next day, 
the seedlings were inoculated with 5000 specimens of the 
root-knot nematode, Heloidogyne incognita (Kofoid & White) 
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Chitwood, the reniform nematode, RotylenchuJus reniformis 
Linford & Oliveira and the stunt nematode, Tylenchorhynchus 
brassjcae Siddiqi separately. There were six replicates for 
each treatment- Untreated pots served as control. The 
experiment was terminated after three months. The plants 
were washed and the plant weight of shoot and root 
determined. The final population of R. reriiforwis and 7. 
brass icae was determined by using Cobb's sieving and 
decanting technique along with modified Baermann funnel 
method (Southey, 1986). Rating for root-knot index was done 
on 0-5 scale of Taylor & Sasser (Sasser ct a7., 1984). 
RESULTS 
Efficacy of sawdusts of mango and neem as carbon sources 
and/or ammonium sulphate as a nitrogen source were tested 
against M. incognita and R. reniformis on tomato and 
eggplant (Tables 1,2) and T. brassicae on cabbage and 
cauliflower (Table 3). 
Root-knot development was significantly inhibited by 
the application of the sawdusts or ammonium sulphate, 
however, it was more pronounced in the former case (Table 
1). When both these treatments were given together there was 
further reduction in the root-knot indices. The root-knot 
development gradually decreased with increasing dose of 
sawdust. Neem sawdust was more inhibitory than the mango 
sawdust. As a result of inoculation of tomato and eggplant 
with M . incognita there was significant loss in plant 
weight, which was however, diminished by the application of 
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TABLE 1 
EHect 0+ EawduBts of wsngo arid neem, and amffionium sulphate in different CJN 
ratiGE on the root-knot development caused by Heloidoqynt JncogTiiia and 
plant growth of tomato cv. Pusa Ruby' and eggplant cv, 'Pusa Purple Long'. 
iiTiean of six replicates). 
Sawdust 
source/ . 
C:N 
Hango (Kan 
8:13 
0: i 
5:0 
10: S? 
20:C 
5: 1 
10; ; 
20: 1 
C. [i. > /?= 0. 
•;^=0. 
igi 
05 
01 
Plant 
UN 
t' e r a ind 
18.7 
23.'? 
H . 1 
7.4 
7 '' 
25. 1 
35.3 
36.8 
> 2 . 1 
i 3.8 
wei c 
i c a) 
T 0 III a 1 0 
)ht ^q) 
IN 
10. 2 
17.5 
11.0 
6.0 
5. 1 
i y . 3 
2 5 . ^ 
28, 1 
1 . 'v 
il • .' 
Root-knot 
1 ndex 
5.00 
4.25 
2.71 
2.53 
2.00 
2.4 3 
2. 3 3 
0.40 
0.31 
8.43 
Plant 
UN 
18.3 
24,5 
17.9 
11.4 
8.4 
24.2 
25.3 
27.8 
3, 1 
4.3 
Eggpl 
wei g 
ant 
ht (g) 
IN 
14.3 
20.2 
15.0 
10.5 
6.7 
20.5 
20.5 
22.6 
2.4 
3, 5 
Root-knot 
i ndex 
5.00 
4.00 
2.78 
2.51 
1.58 
2.50 
1.96 
1.50 
0.54 
0.75 
Neen < Azadir achti indica 
0:0 
0: 1 
5:0 
10:0 
20:0 
5: 1 
10:1 
20:1 
CD. (/P=0,05) 
(IP=0.01) 
18.7 
23.4 
19,3 
16.5 
11.5 
28.0 
28.1 
30.8 
3.4 
4.8 
10. 2 
17.5 
16.0 
10. 1 
13.0 
21.9 
23.6 
23.0 
1.6 
t 1 • J 
5.00 
4.25 
2.50 
2.15 
0.50 
2.30 
2.20 
0.00 
0.28 
0.40 
18.3 
24.5 
19.3 
13.5 
11.5 
28.0 
28.1 
30.8 
2.8 
3.9 
14.3 
20.2 
17.5 
8.6 
10.3 
22.6 
22.6 
25.8 
3.1 
4.3 
5.00 
4.00 
2.50 
2.15 
1.00 
2.20 
1.58 
0.30 
0.52 
0.73 
IN = Inoculated plants; UN = Uninoculated plants. 
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TABLE 2 
Effect of sawdusts of mango and neem, and aumoniufli sulphate in different C.'N 
ratios on the population of Roiylenchulus reniiorwis and plant growth of 
tonato cv. 'Pusa Ruby' and eqqplent cv. 'Pusa Purple Long'. (»ean of six 
replicates). 
Sawdust 
source/ 
CiN 
Tomato Eggplant 
Plant weight (g> Final po- Plant weight (g) Final po-
pulation pulation 
UN IN UN IN 
Hango ( f f a n ^ i f e r a ivdica) 
81:0 
0:1 
5:0 
10:0 
20:0 
5:1 
10:1 
20:1 
CD. (?>= 
\f^ 
0. 
0. 
05) 
.01) 
17.6 
22.6 
M.l 
7.4 
7,2 
25. 1 
35.8 
37.5 
2.6 
3. 7 
12.^ 
17,2 
12.4 
6.6 
6.0 
21.2 
0 J) . 1} 
4.5 
6456 
2012 
1703 
1553 
1473 
1597 
1340 
1230 
95.3 
132.3 
18.3 
24.5 
17.9 
11.4 
a.4 
24.2 
25.2 
23.3 
2.2 
3.0 
11.0 
20.0 
15.2 
9.5 
7.0 
21.5 
22.3 
23.3 
3.3 
4.6 
6374 
1952 
1827 
1703 
1517 
1453 
1443 
863 
105.8 
146.8 
Nee* {Azadirachti ivdica) 
0:0 
0:1 
5:0 
10:0 
20:0 
5:1 
10:1 
2011 
CD. </P=0, 
(/P=0, 
,05> 
,01) 
17.6 
22.6 
17.2 
11.3 
9.1 
37.1 
37.2 
37.5 
3.1 
4.2 
12.9 
17.2 
13.6 
8.4 
7.2 
21.3 
35.4 
32. 1 
4.3 
6.0 
6456 
2012 
1557 
1433 
1263 
1503 
1413 
1043 
98.4 
1 36. 6 
18.3 
24.5 
19.3 
18.5 
11.5 
28.0 
28.7 
30.e 
2.2 
3.0 
11.0 
22.0 
18.4 
10.0 
10.3 
24.1 
25.1 
27.0 
3.5 
4.8 
6374 
1932 
1550 
1450 
1410 
990 
960 
650 
113.0 
156.8 
IN = I n o c u l a t e d p l a n t s ; UN = Lini nocu l a t e d p l a n t s . 
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TABLE 3 
Effect of 5swdu5t5 of msnqo and neem, and anntoni u»t sulphate in different CsN 
ratios on the population of Ty levchorhytichus br assiae and plant growth of 
cabbaqe cv, 'Pride of indis' and cauliflower cv. Maghi'. (mean of six 
replicates)• 
Sawdust 
source/ 
C:N 
Cabbage Cauli f1ower 
Plant weight >g) Final po- Plant weight (Q) Final po-
pulation pulation 
UN IN UN IN 
Mango mangifera irnSica) 
030 
0:1 
550 
10:0 
20:0 
5:1 
10:1 
20:1 
CD. (/P=0. 
iP=9. 
,05) 
,01) 
37.3 
54.9 
40.2 
43.0 
45.0 
a J. J 
71.8 
75,6 
2.8 
3.9 
Neea i Azadirachta itidi ca) 
49.6 
37.5 
40. i 
42.B 
61.7 
66. 7 
71,7 
3. I 
4. 3 
6280 
2135 
1810 
1750 
1490 
1500 
1450 
1340 
89.3 
123.9 
43. 
61. 
47. 
51. 
57. 
66. 
69. 
71. 
2.4 
3.5 
38.9 
55.4 
41.4 
47.7 
51.9 
61.3 
65.4 
64.4 
3.2 
4.4 
6435 
2275 
1830 
1750 
1443 
1747 
1527 
833 
120.5 
167.2 
0:0 
0:1 
5:0 
10:0 
20:0 
5:1 
10:1 
20:1 
CD. (^0. 
(;P=0. 
,05) 
,01) 
j7. o 
54.9 
43.5 
48.5 
53. 3 
62.3 
55.4 
68.3 
2.6 
3. 6 
32.2 
49.6 
39.0 
45. 1 
49.8 
58,4 
49.4 
63.0 
4.5 
6.2 
6280 
2135 
1760 
1660 
1360 
1650 
1447 
1320 
110.3 
153.1 
43. 1 
61.6 
50.4 
54.5 
59.8 
74.5 
76.0 
76.3 
3.0 
4.2 
38.9 
55.4 
44.5 
50.3 
55.8 
69.0 
71.0 
73.1 
3.1 
4.3 
6435 
2275 
18S0 
1700 
1310 
1700 
1510 
710 
235.4 
326.7 
IN Inoculated plants; UN = Uninoculated plants. 
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ammonium sulphate alone or in combination with the sawdust. 
Sawdust alone, particularly at higher doses was phytotoxic 
and inhibited plant growth. 
A similar trend was noted in the second experiment 
(Table 2) where tomato and eggplant were inoculated with R. 
reni-formis. The final count of the nematode was much lower 
in all the treatments than in the untreated control. Here 
again sawdust caused more inhibition of the nematode 
multiplication than ammonium sulphate. With sawdust the 
increasing dose brought about a gradual depression in the 
final population of the nematode. The plant growth showed 
almost the same trend as in case of the first experiment. 
When cabbage and cauliflower were inoculated with 7" . 
brassicae the efficacy of different treatments against the 
nematode was more or less same as in case of R . reniformis 
(Table 3). However, sawdust did not show any sign of 
phytotoxicity against cabbage and cauliflower; it caused 
significant improvement in plant growth when applied alone 
or in combination with ammonium sulphate. 
DISCUSSION 
In the present study efficacy of sawdust and/or 
ammonium sulphate was studied against three important 
nematodes having different modes of feeding, e.g., H. 
incognita is an endoparasite, R. reniformis is a semi-
endoparasite while T, brassicae is an ectoparasite. In all 
these cases significant control of these nematodes was 
achieved with soil amendment with sawdust. These results are 
-7-
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in agreement with those of Miller & Edgington (1962) and 
Singh et al. (1967). The present findings also indicate that 
the efficacy of different sources of sawdust is different. 
Neem sawdust proved to be more efficacious against the test 
nematodes than mango sawdust. This is understandable, since 
neem is known to be very rich in nematode-toxic 
triterpenoids and flavonoids such as azadirachtin, nimbin, 
nimbidin, nimbidic acid, thionemone, kaempferol and 
quercetin (Khan et BI . 1974b; Siddiqui, 1986). However, the 
general ttiode of action of sawdust in nematode control has 
not been worked out. But it could be similar to that 
attributed to other soil amendments such as toxicity of 
substances released from undecomposed as well as decomposed 
organic additives (Alam e* al ., 1978, 1979; Khan et al . , 
1974a) or increase in the predacious and parasitic activity 
of soil mircroorganisms (Linford, 1937), or change in the 
physical and chemical properties of the soil not favourable 
to nematodes (Ahmad et al. , 1972), or increase in plant 
resistance against nematodes (Alam et ^1 ., 1977, 1930; 
Sitaramaiah & Singh, 1978). 
Nematode control due to the application of ammonium 
sulphate may have been caused by the release of ammonia whih 
is known to be highly toxic to nematodes (Mojtahedi & 
Lownsbery, 1976). 
With the increase in the amount of C i.e. the amount of 
sawdust, there was an increase in the reduction of root-knot 
development as well as the populations of R. rertiformis and 
7, brassicae. This reduction was further pronounced in the 
presence of ammonium sulphate which is the combined effect 
of both these treatments. 
-8-
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The C:N ratio of sawdust amendment is narrowed with the 
addition of N and the narrow C:N ratio was more effective. 
However, among different treatments where C level was varied 
but N level was constant, it was seen that narrow C:N ratios 
were less effective than wider C:N ratios. Thus no 
generalization can be made for the correlation of the level 
of nematode control with the C:N ratio. The present results 
clearly indicate that it is the C content and not the C:N 
ratio which determines the level of nematode control. Mian & 
Rodriguez-Kabana (1982), on the other hand, are of the view 
that there is an inverse relation between the C:N ratio of 
the amendment and the degree of nematode control achieved by 
it. However, in another publication Rodriguez-Kabana et al . 
(1987) have concluded that the efficacy of an organic 
additive depends on its chemical composition and the type of 
microrganisms which develop during the degradation of the 
additives. This view of Rodriguez-Kabana et al. (1987). in a 
way, fully support our findings as neem sawdust was more 
effective than mango sawdust at same C:N ratios. 
Improvement in plant growth due to the application of 
sawdust, with few exceptions where it showed phytotoxicity, 
was due to the reduction in nematode multiplication. 
However, when sawdust was supplemented with N, the 
phytotoxic effect was not only diminished but the plant 
growth was greatly enhanced, it was caused by the control of 
nematodes as well as the fertilizer effect on plants. The 
phytotoxic effect of sawdust when applied alone was evident 
only in case of tomato and eggplant and not against cabbage 
and cauliflower. This indicate that it might be due to some 
specific reactions of these plants to the sawdust treatment. 
-9-
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Possible Use of Weeds as Soil Amendment for the 
Management of Root-Knot and Stunt Nematodes 
Attacking Eggplant 
M. Mashkoor Alam 
Department of Botany, Aligarh Muslim University, Aligarh 202001, India 
ABSTRACT 
Organic soil amendments in the form of chopped shoots of some weeds 
gave significant reductions in the population build-up of the root-knoi<» 
nematode Meloidogyne incognita and the stunt nematode Tylenchor-
hynchus bras^icae on a strong host, eggplant cv. 'Pusa Purple Long". The 
most effective was soil treated with Solanum xanthocarpum/o//ow'f(/Av 
Calotropis procera. Datura metel, Croton bonplandianum and Arge-
mone mexicana. These treatments also inhibited significantly root gall-
ing. The plant growth of eggplant was also improved by the amendments: 
however C. bonplandianum showed some phytoto.xicity at higher dosage. 
INTRODUCTION 
The use of nematicidal chemicals for the management of nematodes is an 
expensive operation. This situation necessitates a search for cheaper 
alternative control measures which are accessible to small growers. The 
application of chopped plant parts to the soil has been advocated for the 
control of plant parasitic nematodes (Haseeb el al., 1978; Nath el al., 
1982; Ram «fe Gupta, 1982). This is better than nematicides in that it 
apparently seems to be cheaper, easy to apply, with no pollution hazards 
and the capacity to improve soil structure and fertility. In view of these 
facts and the availability in abundance of certain unwanted weeds grow-
ing in waste and uncultivated lands, the present study was undertaken to 
evaluate the possibility of use of some weeds as soil amendments for the 
control of phyto-nematodes. 
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METHODS 
Chopped green tops of Argemone mexicana, Calotropis procera, Croton 
honplanciianum. Datura melel and Solanum xanthocarpum (at 50 and 
lOOgpot"') were added to 15cm clay pots containing 1 kg field soil 
heavily infested with the root-knot nematode Meloidogyne incognita and 
the stunt nematode Tylenchorhynchus brassicae or to autoclaved soil of 
the same composition. Untreated pots served as control. There were 
three replicates for each treatment. The pots were watered judiciously 
and, after 1 week waiting period, 3-week-old seedlings of eggplant 
[Solanum melongena), cv. 'Pusa Purple Long', raised in sterilized soil, 
were transplanted singly. Before and after 3 months from transplan-
tation the pot soil was separately processed for nematodes by using 
Cobb's sieving and decanting method along with Baermann funnels 
(Southey, 1970) and the population determined. Plant weight and root-
knot index were also determined. Root-knot index (RKI) was rated as: 
0 = no galling. 1 = light galling, 2 = moderate galling, 3 = heavy gall-
ing and 4 = severe galling. 
RESULTS 
Results presented in Table 1 indicate that the root-knot nematode 
Meloidogyne incognita and the stunt nematode Tylenchorhynchus brassi-
cae multiplied several-fold on eggplant cv. 'Pusa Purple Long" in the 
untreated control. The number of other nematode species remained 
insignificant throughout the study (data not included in the table). 
All the treatments with chopped shoots showed nematicidal effects on 
M. incognita and T. brassicae and the multiplication rate was signifi-
cantly suppressed. The final populations of these species were signifi-
cantly lower than those of the untreated control. Except for the lower 
dose (50 g pot" ') of chopped shoots of Argemone mexicana all the treat-
ments reduced the population to even below the initial population. The 
higher dose (100 g pot" ' ) of all weeds was more inhibitory than the 
lower dose. The highest reduction in the population of A/, incognita and 
T. brassicae was observed in the soil treated with Solanum xanthocarpum 
followed by Calotropis procera. Datura metel, Croton honplanciianum 
and Argemone mexicana. 
Root-knot development was also impaired by these additives. At 
270 
Weeds for control oj plant nematodes 99 
T3 
C 
s 
< 
If 
c ^ 
j3 a. 
£ a. 
• U J 
ii 
"3 '^  II 
E 
IJI 
J 
«c 
to 
I 
-c t 
o 
o o 
o 
— o o o o o 
0 0 vO f n 
6 6 — 
0 0 t— 
vO vO 
OS r n 
O O O-
»ri 0 0 r^ 
:g 
m o 
OS s o 
OS SO 
so OS 
so qs 
r - OS 
O rn 
so qs 
00 6 
rs| r^ 
Tt qs 
rN sO 
o 
• * 
s 
• ^ 
rn 
so 
-
88 
«/^  oo 
88 
r~ oo Os 
r»1 
f*^ 
88 
00 00 
8 8 sO so sO sD 8:g 8 SO SO 
< ^ 0 • ^ s O 1 ^ 1 ^ 0 0 (^ 1 s O I ^ 
o 
o 
— 
so 
so 
i/~i 
OS 
(^ 1 
o 
>» 
m 
f*"i 
— 
so 
sO 
r i 
o 
r-~ 
sO 
o 
8 
00 
f t 
sD 
rn 
O 
O 
8 
1^) 
O 
O 
o o 
lO O 
1^ O 
8 8 
<o o 
m — 
o o 
OO 
8 
sO 
o 
SO 
sO 
SO 
O 
rsi 
O 
o 
8 
fN 
rt 
o 
sO 
fN 
sO 
2 
o 
i ig ss Is §§ §s i 
s o — • ^ r^l 
S 9 o o S -O 00 (^ 1 
^ S o ^ 
*o -^ IT) <N m r-i 
? I 2 
ifl 
•- C V-) — 
^ 3IIII 
sC 
r^  
^ o 
f ^ . 
m 
^ w-i 
r-4 
•^  
— H 
c 
o 
15 
3 
o. 
c 
— 
•^ 1 T. — 
'5 
T3 3 .2 
1 ^  
c c 
c c 
c • := 
o ^ 
- 0 . 
c £ 
i| IS 
il 
II 
5 = o '-J 
g. §" = ^ 
^ -^ ~ U 
o^  =t: > UJ 
27i 
KK) M. Mashkoor Alam 
higher dosage, 5. xanthocarpum and C. procera completely inhibited 
root galling {RKI = 000), whereas in plants treated with C. bonplandi-
anum and A. mexkana the root-knot index was 0-33 and in D. metel0-66 
as compared with 300 in the untreated control. 
The plant growth of the eggplant was improved as a result of the 
application of chopped weeds. The highest increase was observed in 
plants treated with chopped shoots of D. metel followed by 5. xantho-
c(ii[nim, A. mcxicaiui and C. procera. However, loss of plant weight at 
higher dosage of C. honplandianum indicates some phyto-toxicity. 
DISCUSSION 
Eggplant cv. 'Pusa Purple Long' is a highly susceptible host of the root-
knot nematode Meloidogyne incognita and the stunt nematode Tylen-
cliorhynclms hrassicae, as indicated by the nematodes' multiplication in 
untreated soil and high root-knot development. These results are in 
agreement with those of Alam et al. (1979/>). 
The treatment of soil with chopped shoots of various weeds suppressed 
the populations of M. incognita and T. hrassicae and root-knot develop-
ment on the eggplant. This clearly shows the potential nematicidal effect 
of these additives which has masked the susceptibility of a strong host. 
These results are in agreement with those of Haseeb et al. (1978), Nath et 
al. (1982) and Ram & Gupta (1982). 
It is still premature to pin-point the exact mechanism of control of 
nematodes by the addition of chopped weed shoots; yet some theories 
put forward for organic amendments could be relevant to the present 
case. The reduction in nematode population may be due to the accumu-
lated toxicity of the decomposition products (Alam et al., 1978, 1979^; 
Khan ('/ al.. 1974), or increased predacious and parasitic activity of soil 
biota (Linford, 1937), or changed physical and chemical properties of 
the soil inimical to the nematodes (Ahmad et al., 1972), or increased host 
resistance (Alam et al., 1977, 1980). The amendments themselves may 
have nematode-toxic principles as has been shown by the nematicidal 
nature of water extracts of Argemone mexicana (Nath et al., 1982) and 
Culotropis procera. Datura stramonium and Solanum xanthocarpum 
(Nandal & Bhatti. 1983) against Meloidogyne Javanica, and of Croton 
honplandianum against Rotylcnchulus reniformis and M. incognita 
(Mahmood ('/«/., 1982). 
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The plants grown in amended soil showed significant improvement in 
growth. This may be partly due to the reduction in the population of 
phyto-nematodes and partly due to the fact that these additives also 
served as organic manures. The phyto-toxicity shown by C. bonplandi-
unum may be due to the presence of some chemicals whose effect became 
appreciable only at higher dosage. 
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Short Communication 
Pollution-free Control of Plant Parasitic Nematodes by 
Soil Amendment with Plant Wastes 
ABSTRACT 
Chopped plant leaves, when incorporated into the naturally infested soil, 
effectively suppres.sed populations of plant parasitic nematodes and improved 
i-nwth of tomato cv.Marglohe, barring a few exceptions where phytotoxicity 
was noted. This type of management to phylonemalodes was considered 
ccononiical. easy and pollution free. 
INTRODUCTION 
It is a usual practice by farmers to plough in weeds during the preparation of 
land for cultivation of crops without however exactly knowing its 
significance, particularly with respect to nematodes. The weeds and fallen 
leaves of plants are decomposed in due course. In order to obtain some 
defmilive results, the present investigations were undertaken. 
METHODS 
Fifteen-centimetre clay pots were filled with 1 kg of field soil naturally 
infested with Rotylenchulus reniformis Linford & Oliveira, Tylenchorhynchus 
hra.ssicae Siddiqi, Hoplolaimus indkus Sher, Helicolylenchus indiciis Siddiqi, 
Tylciuhus filifonnis Butschli and Aplwlenctnis avenue Bastian. These were 
separately treated with 100 g of chopped plant parts. Untreated pots served 
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as controh. Each treatment was replicated three times. The pots were 
watered judiciously to ensure proper decomposition of the different 
additives. After a week-long waiting period, 3-week-old seedlings of tomato 
(Lycopersicon esculentum P. Mill) cv. Marglobe, raised in sterilized 
soil, were transplanted singly to each pot. Populations of the nematodes 
were determined prior to soil treatment and 3 months after transplantation 
by using Cobb's sieving and decanting technique along with Baermann 
funnels (Southey, 1970). The plant weights were also recorded. 
RESULTS AND DISCUSSION 
All nematode populations were maintained by tomato plants in the 
untreated soil and, except for Helicotylenchus indicus, increased. Thus, 
tomato served as a susceptible host of these nematode species. All the 
treatments with chopped plant parts significantly suppressed the population 
build up, but to varying extents. Highest reduction in the population of total 
tylenchids was noted in pots amended with Canna indica(i^03% reduction). 
The other amendments caused from 50 to 88% reduction except for 6 which 
gave less than.50% (Table 1). 
Plant growth was also improved by the various organic additives, barring 
a few exceptions where phytotoxicity was observed; for example, Casuarina 
equisetifolia, Crinum defixuin, Duranta plumieri, Kigelia pinnata and 
Xcmthiitm strumarium. The highest increase in plant growth was observed 
when the soil was treated with chopped leaves o( Ipomoeafistulosa followed 
by Azadiraclua iiidica, Delbergia sissoo, etc. (Table 1). 
Tomato cv. Marglobe showed a high susceptibility to various plant 
parasitic nematodes (Table 1) as indicated by their population build up and 
loss of plant weight in untreated controls. The soil application of the various 
organic amendments suppressed the nematode populations. This clearly 
indicates the potential nematicidal action of these additives which has 
effectively countered the susceptibility of a strong host. Some of these 
additives have also been reported to have controlled plant parasitic 
nematodes attacking eggplant (Haseeb & Alam, 1984; Haseeb et ai, 1978, 
1984). 
It is not possible, unless more detailed studies are made, to pinpoint the 
exact cause for reduction in nematode populations by the application of the 
various plant materials used in the present study, although various theories 
have been put forward for other organic amendments. 
The tomato plants grown in soil treated with the various additives showed 
significant improvements in growth. This may have been partly due to the 
reduction in the population of parasitic nematodes and partly due to the fact 
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that these additives also served as manures. The phytotoxicity shown by 
some amendments may be due to the presence of some chemicals in the 
additives themselves or in some of their decomposition products acting 
adversely on tomato. 
The soil application of chopped plant parts for the control of plant 
parasitic nematodes has been advocated by Alam (1986), Haseeb & Afem 
(1984), Haseeb et a/. (1978,1984), and others. This type of nematode control 
has an edge over the use of nematicidal chemicals in that it apparently would 
be cheaper and easier to apply, with no pollution risks and the additional 
capacity to improve soil structure and fertility. 
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ABSTRACT 
Soil amendment with chopped plant parts of water hyacinth (Eichhornia 
crassipesj effectively controlled root-knot and reniform nematodes attacking 
tomato and eggplant. Consequently plant growth improved. Extracts of water 
hyacinth also showed nematicidal and nemato-static properties. These 
extracts when used as bare-root-dip treatments significantly retarded 
nematode development and plant damage. 
INTRODUCTION 
Out of 10 widely distributed noxious weeds in India, water hyacinth 
(Eichhornia crassipes (Mart.) Solms) of the family Pontedariaceae is the 
worst. It was introduced into India from Brazil in 1896 and now it has spread 
throughout the country. It greatly interferes with agriculture, pisciculture, 
irrigation, drainage, water sports, etc. In the province of West Bengal alone 
12 000 ha of land is rendered unfit for farming due to this weed during the 
summer season, and the problem becomes more serious during the rainy 
season. It is estimated that it causes about 10 miUion dollars loss per annum 
in that province alone. Similar and even worse situations exist in other 
provinces. In 1974 the weed was reported to be causing concern in 98 out of 
246 districts surveyed in India. 
* To whom correspondence should be addressed. 
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Interest has been shown in the capacity of the plant for cleaning sewage 
water and the industrial effluents containing heavy metals and other 
toxicants and pollutants. However, the plant is required to be removed 
periodically from canals, drains and industrial lagoons because the 
biodegradation of older and dead plants causes havoc. It has been suggested 
that wastes of water hyacinth might be used in producing biogas. In the 
present study we have investigated the possible utilization of this plant in the 
control of plant parasitic nematodes. 
METHODS 
Fresh leaves and flowers of water hyacinth were thoroughly washed, 
chopped and 25 g of each macerated in a grinder and then soaked separately 
in 75 ml of distilled water for 1 h. These were then centrifuged, filtered and 
the extracts arbitrarily termed as standard (S). Dilutions were prepared from 
the S concentration with distilled water. Freshly isolated specimens (all the 
free stages) of the reniform nematode, Rotylenchulus reniformis Linford & 
Oliveira, and freshly hatched 2nd stage juveniles of the root-knot nematode, 
Meloidogyne incognita (Kofoid & White) Chitwood, were separately 
transferred to Petri dishes (40 mm diameter) containing 10 ml of different 
concentrations of the extracts, following the method of Alam (1985). The 
numbers of mobile and immobilized nematodes were counted after 12, 24 
and 48 h and mean per cent mortality calculated. Death of the nematodes 
was ascertained after transferring them to water. In another experiment, five 
average sized and freshly picked eggmasses of Af. incognita were transferred 
to 40 mm diameter Petri dishes containing 10 ml of different concentrations 
of extracts. The total number of hatched larvae were counted after 5 days. 
Hatching and mortality in distilled water served as controls. 
For studying the systemic action, roots of 3-week-old seedlings of tomato 
{Lycopersicon esculentum Mill.) cv. 'Pusa Ruby' and eggplant {Solanum 
melongena L.) cv. 'Pusa Purple Long', grown in sterihzed soil, were dipped in 
different concentrations of the leaf and flower extracts separately for 20, 40 
and 80 min. Undipped plants served as controls. After the dip treatment, the 
roots were washed with water and the seedlings were transplanted to 15 cm 
clay pots containing 1 kg autoclaved soil-manure mixture. Each seedling 
was then inoculated with 1000 specimens of R. reniformis or 2nd stage 
juveniles of M. incognita, separately. After 3 months the plants were 
carefully uprooted and washed; plant growth and root-knot index (on the 
0-5 scale of Taylor & Sasser (1978)) were determined. In the case of R. 
reniformis, the final population was determined by using Cobb's sieving and 
decanting technique along with a modified Baermann funnel technique 
23 0 
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(Southey, 1986). The reproduction factor (R) was calculated by dividing the 
final population by the initial population {Pf/Pi) as suggested by 
Oostenbrink (1966). 
For studying the effect on larval penetration, roots of 3-week-old 
seedlings of tomato and eggplant, raised in sterilized soil, were dipped in 
diiferent concentrations of the extracts as above and the seedhngs were 
transferred singly to 5 cm clay pots containing thoroughly washed river 
sand. The plants were inoculated with 1000 freshly hatched 2nd stage 
juveniles of M. incognita. The inoculated seedlings were removed after 72 h. 
Root surface and sand were thoroughly washed and the remaining larvae of 
the nematode, which could not have penetrated, were isolated by Cobb's 
method and their numbers were determined. After deduction of this figure 
from the initial inoculum level, the number of larvae that had penetrated was 
determined. 
The water hyacinth roots were also used as soil amendments for studying 
their influence on nematodes. Clay pots (15 cm), filled with 1 kg autoclaved 
soil, were separately treated and the soil mixed with 100 g chopped leaf or 
flowers of water hyacinth. Untreated pots served as controls. The pots were 
watered immediately after the treatment. Three-week-old seedlings of 
tomato and eggplant, raised in autoclaved soil, were transplanted singly to 
each pot after a waiting period of 1 week. The plants were inoculated with 
freshly hatched, 2nd stage juveniles of M. incognita or freshly isolated 
specimens of R. reniformis at 1000/pot. After 3 months, the plants were 
uprooted, washed and the plant growth determined. In the case of M. 
incognita-mocvXaXQd plants the root-knot index/root-gall index was also 
noted. The final populations of M. incognita and R. reniformis and their 
reproduction factors were determined as above. In all the experiments the 
treatments were repHcated six times. 
RESULTS AND DISCUSSION 
The results show that leaf and flower extracts of water hyacinth were 
deleterious to the test nematodes (Table 1). Meloidogyne incognita was more 
sensitive to the extracts than Rotylenchulus reniformis. The mortality 
increased with increase in the concentration of extracts and the exposure 
period. Generally flower extract caused greater mortality than leaf extract 
after the maximum exposure of 48 h. Both extracts inhibited hatching of M. 
incognita. Thus, water hyacinth possess strong nematicidal properties. 
Bare-root-dip in the extracts of water hyacinth significantly checked the 
penetration of the 2nd stage juveniles of the root-knot nematode into the 
roots (Table 2). The subsequent root-gall development was also inhibited 
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TABLE 1 
Effect of Water Extracts of Leaf and Flower of Water Hyacinth (Eichhomia crassipes) on the 
Mortality and Hatching of Rotylenchulus reniformis and Meloidogyne Incognita in vitro (mean 
of six replicates) 
Plant 
pari 
Leaf 
Flower 
CD. (P 
(P 
Extract 
S 
S/2 
S/10 
S/lOO 
s 
s/2 
S/10 
S/100 
DW 
= 0-05) 
= 001) 
% Mortality 
R. 
12 h 
40 
30 
25 
0 
30 
25 
20 
0 
0 
1-95 
2-71 
reniform 
24 h 
70 
50 
30 
10 
60 
50 
30 
0 
0 
1-81 
2-51 
after different exposure periods 
is 
48 h 
90 
60 
45 
10 
100 
90 
40 
15 
0 
2-53 
3-51 
M. 
12h 
60 
50 
20 
0 
25 
20 
10 
0 
0 
1-75 
2-43 
incognita 
24 h 
90 
70 
40 
10 
70 
60 
35 
10 
0 
313 
4-35 
48 h 
90 
80 
70 
20 
100 
100 
60 
15 
0 
211 
2-93 
% inhibition 
in larval 
hatch of 
M. incognita 
after 5 days 
77-3 
71-2 
65-4 
30-4 
791 
73-4 
661 
32-5 
00 
DW, distilled water. 
S/2, etc., dilutions of standard extract(s), see Methods. 
significantly. The inhibition in larval penetration and root-gall development 
was directly correlated with the increase in the concentration of the extracts 
and the dip duration. Flower extract was rather more effective than leaf 
extract. Similar results were also found with respect to the reniform 
nematode, R. reniformis (Table 3). 
Results in Table 4 show that the population of both the test nematodes 
multiplied freely in the untreated soil. The chopped plant parts of water 
hyacinth however significantly reduced the root-knot development caused 
by M. incognita and population build-up of R. reniformis. Soil amendment 
with flowers gave greatest inhibition. 
Thus the plant wastes of water hyacinth showed a broad spectrum efficacy 
because these nematode species represent different modes of feeding. The 
root-knot nematode, M. incognita, is an endoparasite and the reniform 
nematode, R. reniformis, is a semi-endoparasite. 
The results show that soil amendment with chopped green tops of water 
hyacinth not only arrested nematode multiplication but also improved 
growth of tomato and eggplant. This might have been partly due to the 
reduction in nematode populations and partly to the fact that the additives 
2S, 
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also served as manures. The mechanism of action may be similar to those 
worked out for other organic soil amendments, which suggest a toxicity of 
the decomposing products or an increase in predacious or parasitic activity 
of the soil biota (Linford, 1937). Changes in physical or chemical properties 
of soil (Ahmad et ai, 1972) caused by organic soil amendments may be 
inimical to nematodes or they may be responsible for increasing host 
resistance (Alam et al, 1980). However, bare-root-dip in water extracts of 
water hyacinth rendered the susceptible plants unfavourable for penetration 
and subsequent development of the nematodes, which suggests toxicity. 
The results have shown that this plant could be of great use in solving 
some of the nematode problems. This would be an additional utilization of 
the weed which could partly solve its disposal problems. 
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FURTHER STODIES ON THE OSE OF WATER HYACINTH IN NEMATODE 
CONTROL 
MANSOOR A. SIDDIQUI & M. MASHKOOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India 
Soil application of leaf and flower of water hyacinth 
{Eichhornia crassipes) gave satisfactory control of the 
stunt nematode {Tylenchorhynchus brassicae) , and improved 
plant growth of cabbage and cauliflower. Water extracts of 
water hyacinth showed toxicity to T. brassicae in vitro 
conditions. Bare-root-dip treatments in leaf and flower 
extracts brought about significant reduction in plant damage 
by way of inhibiting nematode multiplication. 
INTRODDCTION 
Water hyacinth (.Eichhornia crassipes (Mart.) Solma, 
Family Pontedariaceae) is considered worst among ten widely 
spread and most noxious weeds in India. It hinders 
agriculture, particularly rice cultivation in low lying 
areas. Besides pisciculture, water transport, drainage, etc. 
are also affected adversely. However, the brighter aspect of 
this weed is its capacity to absorb pollutants and 
toxicants. E. crassipes also produces insect-growth 
inhibitory compounds (Jamil et al., 1984, 1988). We have 
also observed its capacity to control two endo-parasitic 
nematodes (Siddiqui & Alam, 1989). The study has been 
extended for evaluating its potential against an ecto-
a 
prasitic nematode, Tyleuchorhynchus brassicae Siddiqi. 
MATERIALS & METHODS 
Standard extracts (S) were prepared by macerating 25g 
fresh leaves or flowers of water hyacinth separately in 75ml 
-1-
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distilled water. These were further diluted to S/2, S/10 and 
S/100 with distilled water. Mortality of 7, brassxcae 
(larvae, males and females) in different dilutions was 
determined after 12, 24 and 43 h exposures, following the 
method of Alam (1985). Mortality in distilled water served 
as control. 
For studying the systemic action, roots of 3-week-old 
seedlings of cabbage (,Brassica oleracea capitata L.) cv. 
'Pride of India' and cauliflower (Brass a oleracea botrytis 
L.) cv. 'Maghi', raised in autoclaved soil, were dipped in 
different concentrations of the extracts separately for 20, 
40 and 80 minutes and then washed and transferred singly to 
15 cm diameter clay pots containing 1 Kg autoclaved soil-
manure mixture. The plants were then inoculated with 1000 
specimens of T. brassicae separately. Plants without dip 
treatment and inoculation served as control. The experiment 
was terminated three months after seedling transplantation. 
Plant growth (weight of shoot/root) and final soil 
populations of the nematode were determined by using Cobb's 
sieving and decanting method along with modified Baermann 
funnel technique (Southey, 1986). 
For studying the effect of plant wastes, the pots were 
filled with 1 kg autoclaved soil incorporated with 100g 
chopped leaf or flower of water hyacinth. The pots were 
watered to ensure proper decomposition of the additives. 
Untreated pots served as control. After a waiting period of 
one week, 3-week-old seedlings of cabbage and cauliflower, 
raised in autoclaved soil, were transplanted singly. The 
plants were then inoculated with 1000 freshly isolated 
specimens of 7", brassicae. The experiment was terminated 
three months after transplantation. In all the experiments, 
there were six replicates for each treatment. 
-2-
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RESULTS & DISCUSSION 
The results indicate that leaf and flower extracts of 
water hyacinth brought about considerable mortality to the 
test nematode, however, to varying extent. Toxicity of the 
extracts was regularly decreased with an increase in the 
dilution and the exposure period (Table 1 ) . Flower extract 
showed more toxicity than the leaf extract after 48 h 
exposure. 
TABLE 1 
Effect of leaf and flower extracts o< ^ater hyacinth (Eicfc/uriij ciassifts) on the iortal i ty of 
Tylniherhytchvs bnsiicit i» vitre. iHean of h replicates;. 
Plant Exposure I iortal i ty of neiatodes ui different concentration of 
part period extracts 
ih> Regression 
S S/2 S/IB S/188 D» 
Leaf 12 
48 
25(21.M) 15U4.5»i 
55(52.98) 48(37.88) 
78(64.19) 58(46.2i>) 
8(8.88) 8(1.58) 
1^.(22.88) 8(7.88) 
48i28.33) 18(17.87) 
0i-5.88) 
8i-8.88) 
8(-7.53> 
V ^ 8.88* 6.58 
1 =22.88+15.88 
V --28.33M7.93 
(x-2.8) 
(X-2.B) 
(x-2.8) 
Floner 12 
24 
48 
48(32.88) 28(22.88 
68(68.88) 58(43.88 
88(84.88) 78(63.88 
8U2.88) 8(2.88) 8(-8.8e) 
28(26.88) 8(9.88) 8(-8.88) 
48(42,88) 28(21.88) 8( 8.88) 
1 =12.88<-18.88 (x-2.8) 
V =26.88=17.88 (x-2.8) 
7 M2.88+21.88 («-2.8) 
W = Distilled nater (control). 
S/2. etc. dilutions of standard extracts, see Hethods. 
Values calculated froi regression equations are given in parentheses. 
Bare-root-dip in the extracts of water hyacinth 
significantly reduced the nematode population and checked 
the nematode damage to the plants. The reduction in nematode 
population gradually increased with the increase in the 
concentration of the extracts and the duration of dip 
treatment (Table 2). Flower extract was found more effective 
than the leaf extract. 
-5-
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TABLE 2 
Effect of bare-root-dip in leaf and floxer ntrscts of »tater hyacinth iiichhertti crinifts) 
m the population of TylMChMhyKhiu iirassicar and plant growth of cabbage cv. Pride of 
India' and cauliflower cv. Maqhi'. iiiean of b replicates). 
Dip treattent 
Duration Cone. 
i»t5) 
Leaf extract 
Height (Q/ 
Shoot Root Total 
Final 
pop. 
Shoot 
Flower extract 
Height iq' Final 
Root Total 
Cabbbaqe 
28 S 
S/18 
48 S 
3/18 
88 S 
S/18 
Uridipped-inoculated 
Undipped-uninoculated 
CD. i>8.B5) 
( M . 8 ] ) 
Cauliflower 
28 S 
S/18 
48 S 
S/18 
88 S 
S/18 
Undipped-inoculated 
Undipped-uninoculated 
CD. (M.85> 
(^8.81) 
21.3 
14.5 
23.1 
18.7 
26.9 
19.8 
16.8 
26.8 
21.5 
17.3 
25.7 
18.5 
38.1 
19.7 
17.9 
26,5 
9.2 
6.8 
5.9 
6.8 
18.7 
9.8 
8.7 
18.5 
9.2 
6.5 
18.8 
7.8 
15.8 
11.4 
9.6 
12.8 
38.5 
28.5 
29.8 
25.5 
37.6 
29.6 
24.7 
36.5 
4.27 
6.86 
38.7 
23.8 
56.5 
25.5 
45.1 
31.1 
27.5 
39.3 
3.32 
4.72 
1668 
2818 
1498 
1738 
968 
1328 
2518 
-
3<?.85 
55,55 
1788 
1988 
1588 
1918 
918 
1488 
2378 
-
41.58 
59.14 
23.3 
15.1 
24.8 
19.2 
27.8 
28,5 
16.8 
26.8 
24.5 
16.8 
25.4 
28.8 
28.6 
28.9 
17.9 
26.5 
18.1 
6.9 
6.2 
7.3 
11.8 
9.9 
3.7 
18.5 
18.9 
7.5 
7.1 
7.9 
11.9 
18.8 
9.6 
12,8 
33.4 
22.8 
38.2 
26.5 
38.8 
38.4 
:4.^ 
3 0.5 
4.31 
6.12 
35.4 
23.5 
32.5 
28.7 
48.5 
38.9 
"•'7 S 
LI 1 J 
39.3 
3.34 
:..!S 
1528 
leii 
1358 
1698 
948 
1248 
2518 
-
45.54 
64.77 
1488 
1778 
1258 
1548 
988 
1128 
2378 
-
37.86 
53.85 
- 4 -
^9a 
The incorporation of chopped leaves and flower of water 
hyacinth significantly suppressed nematode population, and 
improved plant growth of cabbage and cauliflower. Soil 
amendment with chopped flowers gave greatest inhibition 
(Table 3 ) . 
TABLE 3 
Effect of soil anendiiientE with chopped plant parts of water hyacinth 
(Eichhornia crassipes) on plant growth of cabbage cv. Pride of India' 
and cauliflower cv. Maghi' and population of Tylenchorhyuchus brassicae. 
(Mean of 6 replicates). 
Plant Treatment Plant weight (g) Final Percent 
pop. reduction 
Uninoculated Inoculated 
Cabbage Untreated 43.3 38.7 1350 
Leaf 63.4 54.9 440 66.67 
Flower 74.5 58.3 350 73.52 
CD. (P=B.05) 3.72 2.33 48.17 
(JP=8.81) 6.17 4.70 79.89 
Cauliflower Untreated 46.1 39.9 1530 
Leaf 65.5 57.2 580 58,86 
Flower 79.4 60,2 360 74.49 
CD. <#fe0.85) 3.73 4.61 50.48 
</P=0.81> 6.19 7.57 33.71 
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NEMATODE POPULATION AS INFLUENCED BY SOIL AMENDMENTS 
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ABSTRACT 
Highest reduction In nematode population was observed when soil was 
amended with the chopped leaves of Calotopls proeera while (serine ttirbstii was 
highly effective in promoting the growth of eggplant. 
INTRODUCTION 
It has now been proved beyond doubt 
that organic amendments in the form of 
oilcakes, sawdust, dry crop residues, green 
manures etc., effectively control plant 
nematodes, (Singh & Sitaramaiah, 1970). 
, The information with respect to the effect 
of plant leaves on nematodes is very 
meagre. Hence, the present studies were 
undertaken. 
MATERIALS AND METHODS 
Naturally Infested soil (1 kg) contained 
In clay pots was amended with 50 g chopped 
leaves of different plants, separately. Each 
treatment was replicated thrice. Untreated 
pots served as control. The pots were 
regularly watered. After a week, 3 weeks-old 
seedlings of eggplant {Solanum melongena) 
cv. Pusa Purple Long were transplanted 
to each pot. Nematode populations from 
representative soli subsampies (200 g) of 
each treatment were determined two months 
after transplantation by using Oostenbrink's 
elutriator along with Baermann funnels 
(Southey, 1970). The plants were washed 
carefully and blotted in order to remove 
^Mrti water and weighed. 
RESULTS AND DISCUSSION 
Soil amendments with chopped leaves 
of different plants brought about consider-
able reduction in the population of plant 
parasitic nematodes. Highest reduction was 
observed when the soil was amended with 
chopped leaves of Calotropis proeera. 
However, Lycopersicon lycopersicum failed to 
suppress the population of nematodes 
(Table 1). 
Application of chopped leaves.of most 
of the plants promoted the growth of 
eggplant. Highest increase in plant weight 
was observed when the soil was amended 
with the leaves of Iresine herbstil. The 
leaves of Nicotiana tabacum, Brassica oleracea 
capitata, Duranta plumieri, Opuntia dillenii, 
Syzygium j'ambolanum, Lycopersicoih- lycoper-
sicum, Musa paradisiaca, Elytraria indica, 
Crinum asiaticum, Carissa carandas, Antirrhi-
num majus and Brassica oleracea botrytis, on 
the other hand, were found to be phytotoxic 
as the plant weight was lesser than control 
(Table 1). 
A perusal of results presented above 
clearly indicates that most of the organic 
additives tested were highly deleterious to 
plant parasitic nematodes. They also promo-
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Table 1. Effect of chopped leaves of some plants on the population of nematodes and 
growth of eggplant. 
Species 
Allium 
cepa 
Antirrhinum 
majus 
Brassica oleracei 
botrytis 
B. oleracea 
capitata 
Calotropis 
procera 
Cannabis 
saliva 
Carlssa 
carandas 
Casuarina 
eguisetifolia 
Chrysanthemum 
crlnatum 
Coccinia 
cordifolia 
Coleus 
blumei 
Convolvulus 
digitatus 
Crinum 
aslatlcum 
Dalbergia 
sissoo 
Datura 
metel 
Duranta 
plumiwi 
Elytrarla 
indica 
Ficus 
elastica 
Hop 
72 
73 
1 69 
113 
41 
52 
71 
62 
93 
160 
40 
72 
52 
93 
59 
182 
40 
49 
Nematode population/200 g soil 
Trh 
80 
360 
280 
240 
160 
690 
280 
560 
520 
200 
280 
120 
440 
520 
443 
297 
560 
480 
Tyl 
69 
59 
40 
63 
50 
80 
59 
260 
80 
113 
51 
69 
40 
80 
40 
31 
160 
40 
Aph 
120 
39 
40 
280 
49 
193 
94 
40 
63 
80 
40 
80 
40 
63 
39 
86 
40 
160 
%decrease 
66.98 
48.59 
58.47 
32.62 
70.95 
15.29 
51.21 
20.42 
26.81 
46.46 
60.21 
66.98 
44.62 
26.81 
44.04 
42.30 
22.55 
30.39 
Sap 
1182 
1076 
1103 
1245 
876 
1201 
995 
900 
1015 
711 
1401 
576 
673 
1015 
921 
312 
1020 
809 
Plant weight (g) 
Shoot 
24.3 
8.0 
8.2 
15.7 
30.0 
21.0 
12.3 
20.9 
21.7 
21.2 
14.5 
19.6 
10.8 
21.7 
24.3 
16.1 
11.2 
19.6 
Root 
7.2 
3.7 
2.1 
9.8 
5.7 
7.5 
4.7 
10.6 
7.9 
8,1 
7.8 
12.1 
7.8 
7.9 
9.5 
8.8 
7.5 
12.1 
Contd ..~ 
%increase 
or 
decrease 
+16.2 
—56.8 
—61.9 
— 5.9 
+31.7 
+ 5.1 
—37.2 
+16.2 
+ 9.2 
+ 8.1 
• —17.7 
+16.9 
+31.3 
+ 9£ 
+24.7 
- 8.1 
-30.9 
+16.9 
• ••• • •••••• 
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Species 
Hibiscus 
rosa-slnensis 
Iresine 
herbsVi 
Lycopersicon 
lycaperslcum 
Maagifera 
indtca 
Meila 
azedaracti 
Musa, 
paradlslaca 
Nictdiana 
talMcum 
Opuniia 
dittenii 
Petunia 
hybrida 
Plmpinelkt 
anisum 
Ricinus 
communis 
Skehlumbert^k. 
ru&6elianum 
Syzygium 
j'ambolanum 
Sdanum 
metongena 
Soianum 
nigrum 
Tagi^es 
ereeta 
Yitis 
vinifera 
Untreated 
(control^ 
^ 1 
Hop 
120 
72 
80 
89 
S9 
40 
68 
280 
80 
160 
63 
51 
80 
eo 
40 
200 
71 
182 
^ematede Population/200 g soil 
Trh Tyl Aph %decrea8e 
720 
160 
760 
360 
360. 
400 
360 
520 
400 
160 
240 
480 
640 
440 
240 
193 
240 
4J7 
58 
120 
160 
160 
40 
39 
56 
80 
40 
78 
40 
40 
62 
50 
40 
69 
53 
153 
83 
92 
40 
82 
40 
80 
110 
71 
320 
80 
120 
40 
50 
80 
48 
53 
240 
201 
4.45 
57.01 
— 
33.10 
51.69 
45.88 
42.49 
7.93 
14.81 
53.72 
55.17 
40.85 
19.45 
37.07 
64.37 
48.85 
41.52 
.Sap 
1295 
952 
1830 
1491 
1400 
1320 
1781 
1900 
1063 
1172 
1132 
1882 
1065 
1182 
1895 
1776 
1052 
976 
Plant wdi0fit ((T) 
Shoot 
24.3 
61.2 
16.1 
31.3 
22.8 
15.4 
21.0 
14.2 
24.8 
26.1 
37.2 
20.1 
15.3 
24.7 
32.8 
26.9 
43.0 
19.3 
Root 
9.5 
15.6 
7.2 
13.0 
19.6 
6.7 
5.9 
10.0 
9.1 
10.1 
8.6 
8.7 
7.7 
7.9 
12.6 
13.0 
8.2 
7.9 
%increase 
or 
decrease 
+24.7 
+183.3 
-14.0 
• 
+63.4 
+56.4 
-18.4 
'• 
- 6.7 
-10.7 
+25.0 
+33.5 
• 
+69.0 
-
+ 6.2 
-12.9 
+20.2 
+67.5 
+47.2 
+88.9 
Hop=Hoplolaimus indicus, TTh=Tylenchorhynchus brassicae, 7y\=Tylenchus filifwmis, 
Aph= Apfieienctioides absarl, % decrease = Per cent decrease In the population of 
parasitic nematodes over control, Sap»Total saprozoic, % Increase or decrease»Per 
cent Increase ( + ) or decrease ( - ) in plant weight over control. 
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vot. 8 (4), ma 
ted plant growth, barring some exceptions 
which were phytotoxic. Our results are thus 
in accordance with those of Hutchinson 
et al. (1960), Singh & Sitaramaiah (1967) and 
Gour& Prasad (1970). 
The reduction in nematode population 
may be due to increased predacious and 
parasitic activity of soil biota (Linford, 1937), 
or changed physical and chemical properties 
of soil or increased host resistance (Van der 
Laan, 1956), and toxicity of decomposing 
products (Khan etal., 1974). It is still prema-
ture to suggest any probable mechanism of 
control of nematodes by the addition of 
chopped leaves. Studies in this direction 
are in progress. 
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EVALUATION OF NEMATICIDAL PROPERTIES IN SOME LATEX 
BEARING PLANTS 
MANSOOR A. SIDDIQUI, AKHTAR HASEEB* and M. MASHKOOR ALAM 
Department of Botany, Aligarh Muslim University, Aligarh-202001, India 
Abstract: Incorporation of chopped shoots of latex bearing plants significantly 
suppressed the population build-up of Rotylenchulus reniformis and Tylenchorhynchus 
brassicae and reduced the root-knot development caused by Meloidogyne incognita. 
Chopped shoots of Ficus elastica gave greatest reduction in nematode population and 
root-knot development. These amendments also showed significant improvement in 
plant growth highest being in the treatment with chopped shoots of F. elastica. 
Key words : Meloidogyne incognita, Rotylenchulus reniformis, Tylenchorhynchus bras-
sicae, latex bearing plants, control. 
It is an established fact that organic 
soil amendments can provide safe and 
pollution free control of nematode pests. 
A variety of organic additives of plant 
origin have been tested for their suitabi-
lity as nematode controlling agents (MuUer 
& Gooch, 1982). The present paper 
reports the efficacy of some latex bearing 
plants against three very important spe-
cies of plant parasitic nematodes 
MATERTIALS AND MATHODS 
Clay pots (15 cm), filled with 1 kg 
autoclaved soil, were incorporated with 
lOOg chopped shoots of some latex bear-
ing plants viz., CaricapapayaL., Artocar-
ptis heterophyllus L., Ficus carica L., F. 
elastica Roxb., F. glomerata Roxb., Ipo-
moea fistulosa Mart, Nerium odorum So-
land and Tabernaemontana coronaria 
Willd. Immediately after incorporation, 
the pots were watered for ensuring proper 
decomposition of the additives. Untreat-
ed pots served as control. After a waiting 
period of two weeks, three-week-old 
seedlings of tomato (Lycopersicon lycoper-
sicum (L.) Karsten) cultivar Pusa Ruby, 
eggplant (Solanum melongena L.) cultivar 
Pusa Purple Long, cabbage (Brassica 
oleracea capitata L.) cultivar Pride of 
India and cauliflower (Broisica oleracea 
botrytis L.) cultivar Maghi, were trans-
planted singly. The plants were then 
inoculated with 5000 freshly hatched 2nd 
stage juveniles of the root-knot nematode, 
Meloidogyne incognita (Kofoid & White) 
Chitwood or freshly isolated specimens 
of the reniform nematode, Rotylenchulus 
reniformis Linford & Oliveira and the 
stunt nematode, Tylenchorhynchus brassi-
cae Siddiqi. After two months of inocu-
lation the plants were carefully uprooted, 
washed, blotted in order to remove extra 
water and the weight of shoot/root deter-
mined. Soil population of nematodes 
was also determined by using Cobb's 
sieving and decanting method alongwith 
modified Baermann funnels (Southey, 
1970). Root-knot index was rated on 0-4 
scale. Reproduction factor (R) was cal-
•Present address ; Central Institute of Medicinal & Aromatic Plants (CIMAP-CSIR), P.O.— 
R.S.M. Nagar, Lucknow-226 016, India. 
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culated by dividing the final population 
of the nematode with the. initial popula-
tion (Pf/Pi) according to Oostenbrink 
(1966). 
RESULTS AND DISCUSSION 
All the three nematode species multi-
plied freely in control pots (Tables 1-3). 
The incorporation of chopped shoots of 
latex bearing plants significantly supp-
ressed R. reniformis (Table 2) and T. 
brassicae (Table 3) and reduced the root-
knot development (Table 1). Chopped 
shoots of Ficus elastica gave highest reduc-
tion in nematode population/root-knot 
development. 
The plants grown in amended soil 
showed significant improvement in plant 
growth, highest being in those treated 
with the chopped shoots of F. elastica. 
The improvement in plant growth may 
partly be due to the reduction in nema-
tode population/root-knot development 
and partly due to the fact that these 
additives also served as organic manures. 
It could be due also because of accumu-
lated toxicity of the decomposing products 
{Alaixa. et al., 1919; Khan et al., 1974) or 
increase in predacious or parasitic activity 
of soil biota (Linford, 1937). Further, 
changes in physical and chemical proper-
ties of soil may be inimical to nematodes 
(Ahmad et al., 1972) or they may be 
increasing host resistance (Alam et al., 
1977, 1980). 
TABLE 1. Effect of chopped shoots of some latex-bearing plants on the root-knot development 
caused by Meloidogyne incognita and plaut growth of tomato and eggplant in pots 
Treatments 
(Chopped 
shoots) 
Untreated 
Carica papaya 
Artocarpus heterophyllus 
Ficus carica 
Ficus elastica 
Ficus glomerata 
Ipomoea fistulosa 
Nerium odorum 
Tabernaemontana 
coronaria 
CD. (j> = 0.05) 
CD. (p = 0 01) 
Plant weii 
Tomato 
ght(g) 
(shoot + Root) 
Uninoculated 
39.4 
51.4 
75.7 
77.0 
74.4 
79.9 
54.5 
57.8 
54.6 
2.4 
3.2 
Inoculated 
33.5 
45.3 
52.5 
52.6 
66.0 
56.6 
61.7 
45.8 
55.5 
5.0 
6.8 
Root-
knot 
Index 
0.4 
I.l 
1.7 
0.7 
0.6 
1.3 
1.5 
2.5 
1.7 
0.6 
0.8 
Eggplant 
Plant weight (g) 
(Shoot + Root) 
Uninoculated 
12.5 
17.4 
25.0 
29.8 
33.4 
20.4 
17.6 
14.9 
14.9 
3.5 
4.8 
Inoculated 
8.2 
13.6 
21.4 
25.4 
29,7 
18.5 
12.5 
11.6 
15.8 
4.5 
6.2 
Root-
knot 
Index 
4.0 
1.0 
1.6 
0.5 
0.4 
1.2 
1.4 
2.3 
1.7 
0.7 
0.9 
Each value is an average of three replicates. 
Initial inoculum level of Meloidogyne Incognita = 5000 juveniles per plant. 
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TABLE 2. Effect of chapped shoots of some latex-bearing plants on the population of the reni-
form nematode, Rotytenchulus reniformis and plant growth of tomato and eggplant in pots 
Treatments 
(chopped 
shoots) 
Unincv 
lated 
Untreated 
Carica papaya 
Artocarpus hetero-
phyllus 
Picas carica 
Ficus elastica 
Ficus glomerata 
Jpomoea fistulosa 
Nerium odorum 
Tabernaemontana 
coronaria 
CD. (P = 0.05) 
CD. (P = 0.01) 
Tomato 
Plant weight (g) 
(Shoot + Root) 
I - ' 
38.6 
54.3 
59.5 
51.6 
54.6 
74.4 
46.5 
43.7 
48.3 
3.8 
5.2 
Inocu-
lated 
26.5 
47.8 
51.4 
48.6 
50.4 
66.4 
47.3 
39.4 
43.1 
4.0 
5.2 
Final 
popu-
lation 
8350 
4600 
3750 
3630 
3230 
3900 
4340 
4400 
4170 
46.2 
63.7 
R-A 
1.7 
0.9 
0.8 
0.7 
0.6 
0.8 
0.9 
0.9 
0.8 
Eggplant 
. Plant weight (g) 
' (Shoot + Root) 
Unincu-
lated 
15.3 
36.4 
26.7 
54.2 
69.0 
54.5 
46.1 
45.9 
43.9 
4.1 
5.7 
Incu-
lated 
11.4 
27.8 
22.8 
50.5 
64.3 
50.8 
45.0 
38.1 
41.8 
4.0 
5.5 
Final 
popu- R= 
lation 
6930 
4400 
3600 
3460 
3120 
3750 
4070 
4130 
3920 
45.5 
62.7 
P. 
"Pi 
1.4 
0.9 
0.7 
0.7 
0.6 
0.8 
0.8 
0.8 
0.8 
Each value is an average of thiree replicates. 
Initial inoculum level of Rotytenchulus reniformis = 5000 nematodes per plant. 
R = Reproduction factor, Pt = Final population, P^  = Initial population. 
TABLE 3 Effect of chopped shoots of some latex-bearing plants on the popalation of the stunt 
nematode, Tylenchorhynchus brassicae and plant growth of cabbage and cauliflower in pots. 
Treatments 
(chopped 
shoots) 
Untreated 
Carica papaya 
Artocarpus hetero-
phyllus 
Ficus carica 
Ficus elastica 
Ficus glomerata 
Ipomoea fistulosa 
Nerium odorum 
Tabernaemontana 
coronaria 
CD. (P = 0.05) 
CD. iP = 0.01) 
Cabbage 
Plant weight (g) 
Uninocu-
lated 
36.0 
53.3 
78.9 
61.6 
64.9 
57.9 
55.4 
47.6 
54.2 
3.7 
5.1 
Inocu-
lated 
21.2 
49.7 
58.8 
57.3 
59.4 
45.3 
45.4 
47.3 
45.8 
4.2 
5.8 
Final 
popul-
ation 
5800 
2900 
1230 
1000 
1110 
1120 
1250 
1270 
2330 
38.9 
53.6 
1.2 
0.6 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.5 
Cauliflower 
Plant weight (g) 
Unincu-
lated 
36.3 
53.3 
54.4 
60.5 
63.5 
68.2 
59.8 
52.7 
44.8 
4.6 
6.3 
Inocu-
lated 
22.3 
52.4 
505 
55.2 
58.3 
51.1 
46.8 
29.5 
36.6 
4.1 
5.6 
Final 
popul-
ation 
6500 
2700 
1330 
1250 
1180 
1420 
1370 
1850 
2500 
442 
60.9 
R - ? i 
Pi 
1.3 
0.5 
0.3 
0.3 
0.2 
0.3 
0.3 
0.4 
0.5 
Each value is an average of three replicates. 
Initial inoculum level of Tylenchorhynchus brassicae = 5000 nematodes per plant. 
R = Reproduction factor, Pt = Final population. Pi = Initial population. 
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CONTROL OF NEMATODE PESTS BY SOIL AMENDMENTS WITH lATEX BEARING 
PLANTS 
MANSOOR A.SIDDIQUI, AKHTAR HA3EEB* & M.MASHKOOR ALAM 
Dttpartatexi't of Bo't&nyy 
Al lga rh Muslim U n i v e r s i t y , Al iga rh-202002 , Ind ia 
S o i l amendmentswith chopped shoots of some l a t e x bea r ing 
p l a n t s , v i z . , Carica papaya. Artocarpus h e t e r o p h y l l u s . Fie us 
c a r i c a . F), e l a s t i c a , F. glome r a t a . Ipomoea f i s t u l o s a . Nerlum 
odorian and '!cabemaemontana coronar ia were e f f e c t i v e i n reducing 
-fche popu la t ion of Hoplolaimus i n d i c u s . Hel ico tv lenchus i n d i c u s . 
Rotvlenchulus r e n l f o r m i s . Tylenchorhvnchus b r a s s i c a e ana Tvle'mshus 
f i l i f o r m l s i n f e c t i n g tomato and e g g p l a n t . Chopped shoots of 
F. e l a s f l e a gave h ighes t r educ t ion t o the popu la t ion of phy to -
nematodes i n both the p l a n t s . The p l a n t growth of tomato and 
eggp lan t was a l s o inc reased as a r e s u l t of the a p p l i c a t i o n of 
these a d d i t i v e s , h ighes t being i n p l a n t s t r e a t e d with chopped 
shoots of F. g;lomerata and F, e l a s t i c s r e s p e c t i v e l y . 
INTRODUCTION 
Chemicals which a re commonly used for c o n t r o l l i n g p l a n t -
p a r a s i t i c nematodes a re mostly hazardous and sources of p o l l u t i o n . 
Organic amendments, on the o t h e r hand, a r e a p p a r e n t l y safe i n 
t h i s r e s p e c t , and moreover they have been found e x c e l l e n t l y 
e f f e c t i v e t o manage p l a n t - p a r a s i t i c nematodes (Muller & Gooch, 
1982) . In the p r e s e n t s tudy an a t t emp t has been made t o e v a l u a t e 
the f e a s i b i l i t y of use of p l a n t wastes of l a t e x bea r ing p l a n t s 
for nematode c o n t r o l . 
MATERIALS & METHODS 
Clay po t s (15 cm-diameter ) , f i l l e d wi th 1 kg s o i l n a t u r a l l y 
i n f e s t e d with Hoplolaimus ind i cus Sher , Hel ico tv lenchus ind icus 
S i d d i q i , Rotvlenchulus ren i fo rmis Linford & O l i v e i r a , 
Tylenchorhynchus b r a s s i c a e S idd iq i and Tylenchus f i l l f o r m i s 
B u t s c h l i , were t r e a t e d s e p a r a t e l y with 100 g chopped shoots of 
Carica papaya L. , Artocarpus he t e rophy l lus L. , Fie us c a r i c a L. , 
• P resen t a d d r e s s : C e n t r a l I n s t i t u t e of Medicinal & Aromatic 
P l a n t s (CIMAP-CSIR),P.O. - R.S.M.Nagar, Lucknow-226016,India. 
- 1 -
30b 
F, e l a s t i c a Roxb., F. filomerata Roxb,, Ipomoea f i s t u l o s a Mar t . , 
Nerlum odoruro So land and 'Kibe maemontana coronar ia Wil ld . The 
po t s were immediately watered a f t e r the t r ea tmen t for ensu r ing 
proper decomposit ion of the organic a d d i t i v e s . There were s i x 
r e p l i c a t e s for each t r e a t m e n t . Iftitreated p o t s served a s c o n t r o l . 
Af te r a wai t ing pe r iod of two weeks, th ree-week-old s e e d l i n g s of 
tomato, Lycopersicon esculentum M i l l . c v . 'Pusa Ruby* and 
e g g p l a n t , Solanum melongena L. cv . 'Pusa Purple Long* were 
t r a n s p l a n t e d s i n g l y t o each p o t . Af te r two months the p l a n t s 
were c a r e f u l l y uprooted, washed, and b l o t t e d i n o rde r t o remove 
e x t r a water and the p l a n t growth ( p l a n t weight of shoot and 
r o o t ) de te rmined . S o i l popu la t ion of nematodes was determined 
p r i o r t o t r ea tmen t and a f t e r t e r m i n a t i n g the exper iment by us ing 
Cobb's s i e v i n g and decan t ing method a longwith modified Baermann 
f u n n e l ' s technique (Southey, 1986) , 
RESULTS 
Resul t s p resen ted i n t a b l e s 1-2 i n d i c a t e t h a t the popu la t ion 
of p l a n t - p a r a s i t i c nematodes m u l t i p l i e d f r e e l y on tomato and 
eggplan t i n un t r ea t ed c o n t r o l . This shows the s u s c e p t i b l e na ture 
of the t e s t p l a n t s . A l l the t r ea tmen t s with chopped shoots 
showed nemat i c ida l e f f e c t s on p l a n t - p a r a s i t i c nematodes whex« the 
m u l t i p l i c a t i o n r a t e was s i g n i f i c a n t l y suppressed . The f i n a l 
popu la t i on of p l a n t - p a r a s i t i c nematodes was s i g n i f i c a n t l y lower 
than t h a t of un t r ea t ed c o n t r o l . A l l the t r ea tmen t s i n h i b i t e d the 
popu l a t i on of a l l t y l e n c h i d s even below t o the i n i t i a l p o p u l a t i o n . 
On the b a s i s of e f f i c acy in tomato, the d i f f e r e n t amendments 
can be arranged i n the fol lowing descending o r d e r : Flcus e l a a t i c a > 
F. c a r i c a > Artocarpus he t e rophy l lu s > Ficus jfujlomerata > Carica 
papaya > Nerium odorum > Tfeibe maemontana co rona r i a > Ipomoea 
f i s t u l o s a (Tfeible 1 ) . In case of e g g p l a n t , the sequence was 
Ficus e l a s t i c a > F, c a r i c a > F, glome r a t a > Artocarpus 
he t e rophy l lu s > Carica papaya > Tabernaemontana co rona r i a > 
Ipomoea f i s t u l o s a > Nerium odorum (Tkble 2 ) . 
The p l a n t growth of tomato and eggp lan t inc reased as a 
r e s u l t of the a p p l i c a t i o n of these o rgan ic a d d i t i v e h ighes t being 
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3lJo 
i n p l a n t s t r e a t e d with chopped shoots of Fie us glome r a t a 
(•teble 1) and F. e l a s t i c a ("feble 2) r e s p e c t i v e l y . 
DISCUSSION 
The t r ea tmen t of the s o i l with chopped shoots of v a r i o u s 
l a t e x bea r ing p l a n t s suppressed the popu la t ions of p l a n t -
p a r a s i t i c nematodes. This c l e a r l y shows the p o t e n t i a l nemat i c ida l 
e f f e c t of these o rgan ic a d d i t i v e s . These r e s u l t s a re i n 
accordance with those of Haseeb e t al_. (1978, 198Aa) and Nath 
e i a l , . (1982) . 
I t has been sug^;ested by v a r i o u s workers t h a t nematode 
c o n t r o l by organic amendments might be due to the accumulated 
t o x i c i t y of the decomposing products (Khan e_t al_., 1974; 
Alam e t a l , , 1979) or inc rease i n predac ious o r p a r a s i t i c a c t i v i t y 
of s o i l b io t a (Linford, 1937). I t may a l s o be due t o changed 
p h y s i c a l and chemical p r o p e r t i e s of s o i l i n i m i c a l t o the nematodes 
(Ahmad e;t a l , , 1972) or t o inc reased host r e s i s t a n c e (Alam e t a l . , 
1980), The involvement of one o r more of the above f a c t o r s can 
not be ru led out i n the p re sen t c a s e . Bes ides , the nema t i c ida l 
na tu re of l a t i c e s of the t e s t p l a n t s and o the r s i s wel l known 
(Pfaseeb e t al_,, 1984b; S iddiqui e t al_., 1984; Zurreen & Khan, 
1984) , 
The p l a n t s grown in amended s o i l showed s i g n i f i c a n t improve-
ment i n growth. This may p a r t l y be due t o the r educ t ion in the 
popu la t ion of p l a n t - p a r a s i t i c nematodes and p a r t l y due t o the 
f a c t t h a t these a d d i t i v e s a l s o served as manures. 
REFERENCES 
Ahmad, R.; Khan, A.M. & Saxena, S,K. (1972) . Changes r e s u l t i n g 
from amending the s o i l with o i l cakes and a n a l y s i s of o i l 
c akes , ( A b s t r , ) , P roc . 39th S e s s , Indian S c i , Cong,.Calcutta. 
P a r t I I I : 164, ^ 
Alam, M.M.; Ahmad, M. & Khan, A.M. (1980) . Ef fec t of o rgan ic 
amendments on the growth and chemical composit ion of tomato, 
eggplan t and c h i l l i and t h e i r s u s c e p t i b i l i t y of a t t a c k by 
Meloidogyne i n c o g n i t a . P lan t & S o i l 57; 231-236. 
- 5 -
30't 
Alam, M.M.; Khan, A.M. & Saxena, 3.K. (1979) . Mechanism of 
c o n t r o l of p l a n t p a r a s i t i c nematodes a s a r e s u l t of the 
a p p l i c a t i o n of organic amendments to the s o i l . V-Role of 
phenol ic compounds. Indian J . Nematol. 2.* 136-142. 
Pfeseeb, A.; Alam, M.M. & Khan, A.M. ( l 9 8 4 a ) . Contro l of p l a n t 
p a r a s i t i c nematodes with chopped p l a n t l e a v e s . Indian J . 
P lan t P a t h o l , g: 180-181. 
Haseeb, A.; Alam, M.M.; Khan, A.M. & Saxena, S.K. (1978) . Nematode 
popu la t ion as inf luenced by s o i l amendments. Geobios ^ : 
152-155. 
Haseeb, A.; S idd iqu i , M.A. & Alam, M.M. ( l 9 8 4 b ) . Toxic i ty of 
l a t e x bea r ing p l a n t s to phytonematodes. In - Environment and 
b i o t i c - i n t e r a c t i o n (Eds, - A.K. Dat tagupta & R.F. Maleyvar) 
Indian Assoc i a t i on of Environmental B i o l o g i s t s : 6 7 - 7 1 , 
Khan, A.M.; Alam, M.M. & Ahmad, R, (1974) . Mechanism of the 
c o n t r o l of p l a n t p a r a s i t i c nematodes a s a r e s u l t of the 
a p p l i c a t i o n of o i l - c a k e s t o the s o i l . Indian J . Nematol. 4 : 
95-96 . 
Linford, M.B. (1937) . St imulated a c t i v i t y of n a t u r a l enemies of 
nematodes. Science 8 3 : 125-124. 
Muller , R, & Ctooch, P . S . (1982) . Organic amendments In nematode 
c o n t r o l - an examinat ion of the l i t e r a t u r e . Nematropica 
12: 319-526. 
Nath, R.; Khan, M.N.; Kamalwanshi, R .S , & Dwivedl, R.P, (1982) . 
Ef fec t of Ar/gmone maxlcana on Meloldogyne .jayanlca In 
okra (Abelmoschus e s c u l e n t u s ) , Ind ian J . Nematol, 12: 205-208. 
S i d d i q u i , M.A.; ffaseeb, A. & Alam, M.M. (1984) . Tox ic i ty of p l a n t 
l a t e x to some p l a n t p a r a s i t i c nematodes, Nat . Acad. S o l . 
L e t t e r s 2.: 1-2. 
Southey, J . F , (1986) . Laboratory methods fo r work wi th p l a n t and 
s o i l nematodes. Min. Agr. F i sh , Food , HMSt), London, 
Zurreen, S, & Khan, M,I, (1984) . Nematlc ldal a c t i v i t y In some 
p l a n t l a t l c e s . Pak. J . Nematol, gi 69 -77 . 
- 6 -
Reprinted from : E N ^ T T O N M E N T AND BIOTIC-INTERACTION 1984 (Proc. of IV All India Symposium J U 0 
of Environmental Biologists, Dec. 1981) A.K. D A T T A G U P T A & R.P. MALEYVAR (Eds.) 
TOXICITY OF LATEX BEARING PLANTS TO PHYTONEMATODES 
AKHTAR HASEEB,* MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, Aligarh Muslim University, Aligarh-202 001. 
fntroductioa 
A large number of plants and plant products have been reported to have nematicidal 
properties (Singh and Sitaramaiah, 1970, Miller et al. 1973, Egunjobi and Afolami, 1976, 
Haseeb et al. 1978, 1981, 1982). In the present study the shoot extracts of some latex 
bearing plants have been tested for their toxicity to plant para'<itic nematodes. 
Materials and Methods 
For obtaining the extracts, top tender shoots with 1-5 leaves of the test plants viz., 
Caricapapaya L. (PamWy-Carkaceae). Artocarpus heterophyllu^ Lam. (Fam-Moraceae), Ficus 
carica L. (Fam.-Moraceae), Ficus glomerata Roxb. (Fam.-Moraceae), Ipomoea fistutosa Mart 
(Fam.-Convolvulaceae) Serlnm odorum Soland (Fam.-Apocynaceae) and Tabernaemontana 
coronaria Willd. (Fam.-Apocynaceae) were chopped and 25 gm materials were macerated 
separately in 75 ml distilled water. The extract was filtered and arbitrarily termed standard 
•S', and dilution viz., S/2, S/10 were prepared from the standard. 
For mortality experiments, 5 ml suspension of nematodes containing about 500 
specimens of the lance nematode. Hoploluimus indicus Sher, the reniform nematode, 
Rotylenchuhis reniformis Linford and Oliveira, the stunt nematode, Tylenchorhynchus brassicae 
Siddiqi and the root-knot nematode, Mehidogyne incognita (Kofoid and White) Chilwood 
were transferred separately into 40 mm petridishes containing 5 ml of different concentrations 
of extracts following the method of Alam et al. (1973). Controls were run for all experiments. 
Each treatment was replicated thrice. The number of immobilized nematodes was counted 
after 12, 24, 36, 48, 60 and 72 hours and per cent mortality was determined. The death of 
nematodes was ascertained by transferring them into plain water. 
For hatching experiments 5-egg masses of M. incognita of almost equal size were 
transferred separately into - 0 mm petri dishes containing 5 ml extracts of different concentra-
tions. Each treatment was replicated thrice with separate controls. The number of hatched 
larvae were counted after five days. 
Results and Discussion 
The results presented in tables 1-4 clearly indicate that water extracts of all the test 
species of latex beariag plants had deleteriou; effect on plant parasitic nematodes. The 
mortality of nematodes and inhibition in larval hatchabilify of the root-knot nematode was 
found directly correlated with the conc;ntration of extracts, highest being in the standard 
solutions 'S'. Th; mortality also increased with an increase in the exposur- period. 
In case of the lance nem.itod'2, Hophlaimus inlicut Sher. 100% were killed in 'S ' 
concentration of Ipimoefistulosa after 48 hours, however, this was achieved with Ficus carica 
after 60 hours and with Arlocarpus heterophyllus after 72 hours. On the basis of the nema-
toxicity the test plants can be arranged in decreasing order as follows : 
•Present address : Scientist, Central Institute of Medicinal and Aromatic Plants, Post Bag No. 1. CO. 
R^M Nagar, Lucknow-226016. 
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Ipomoea fistulo5a>Ficus carica>Artocarpus heterophyUus> Tabernaemonlana coronaria> 
Carica papaya> Nerium odorum>Ficus glomerata (Table 1). 
TABLE 1 
Effect of shoot extracts of some latex bearing plants on the mortality 
of the lance nematode Hoplnlaimus indicus Sher in vitro. 
PJants 
Carica papaya L. 
Artocarpus heterophyllus L. 
Ficus carica L. 
Ficus glomerata Roxb. 
Ipomoea fistulosa Mart 
Nerium odorum Soland 
Tahernaemontana 
0 cronaria Willd. 
Distilled Water — 
Concent-
ration 
S 
S/2 
S/IO 
s 
s/2 
S/10 
s 
s/2 
sno 
s 
s/2 
S/10 
s 
s/2 
S/IO 
s 
s/2 
S/10 
s 
s/2 
S/10 
Per c n t 
exposure. 
12 
0.00 
0.00 
0.00 
15.50 
0.00 
0.00 
20.00 
0.00 
0.00 
0.00 
0.00 
0.00 
10.00 
0.00 
0.00 
0.00 
0.00 
0.00 
10.00 
0.00 
0.00 
0.00 
mortality after 
24 
21.50 
0.00 
0.00 
44.00 
30.00 
11.00 
42.80 
20.00 
11.10 
20.00 
10.00 
0.00 
20.00 
10.50 
0.00 
13.60 
0.00 
0.00 
14.44 
12.20 
9.00 
0.00 
36 
30.00 
10.00 
5.50 
70.00 
40.00 
20.50 
55.50 
42.00 
21.10 
31.30 
16.66 
0.00 
37.00 
21.30 
10.00 
21.00 
10.00 
0.00 
35.00 
21.30 
19.00 
0.00 
different 
hours 
48 
34.44 
21.10 
11.00 
84.40 
58.90 
29.00 
67.00 
59.00 
32.00 
40.30 
19.90 
0.00 
100.00 
28 30 
1220 
30.00 
13 00 
5 50 
48.34 
33.90 
26.50 
0.00 
durations of 
60 
39.90 
28.10 
14.44 
90.00 
67.00 
43.00 
100.00 
65.00 
43.00 
43.30 
25.00 
0.00 
100.00 
44.40 
19.90 
34.00 
19.00 
10.00 
56.50 
47.77 
31,20 
0.00 
72 
78.88 
48.70 
25.50 
100.00 
74.44 
50.00 
100.00 
90.00 
50.00 
58.80 
34.50 
15.00 
100.00 
f4.30 
25.60 
78.80 
48.70 
25.50 
80.88 
58.8 
39.00 
0.00 
Each value is an average of three replicates. 
TABLE 2 
Effect of shoot extracts of some latex bearing plants on the mortality of the reniform nematode, 
Rntylenchulus renifortnis Linford and Oliveira in vitro. 
Plants 
Carica papa) a L. 
Artocarpus heterophyllus L. 
Ficus carica L. 
Concent-
ration 
S 
S/2 
S/10 
s 
s/2 
S/10 
S 
S/2 
S/10 
Per cent 
exposure 
12 
0.00 
0.00 
0.00 
34.30 
18.30 
10.00 
23.50 
10.00 
0.00 
mortality after 
24 
37.70 
20.20 
0.00 
57.70 
24.44 
17.70 
54.50 
28.89 
10.00 
36 
48.60 
28.50 
11.10 
66.67 
35.30 
24.50 
65.66 
47.30 
31.00 
different durations of 
hours 
48 
57.50 
33.33 
16.66 
88.00 
44.30 
35.00 
100 00 
67.10 
38.33 
60 
63.20 
54.30 
25.10 
100 00 
61.10 
50.00 
100.00 
73.10 
44.30 
72 
89.99 
61.10 
38 50 
100.00 
70.00 
60.00 
100 00 
100.00 
53.00 
69 
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Plants 
Ficus glomerata Roxb. 
Jpomoea fislulosa Mart 
Nerium odorum Soland 
Tabernaemontana 
caronaria Willd. 
Distilled Water 
Each value is an average 
Concent-
ration 
S 
S/2 
S/10 
s 
s/2 
S/10 
s 
s/2 
S/10 
s 
s/2 
S/10 
— 
Per cent 
exposure, 
12 
0.00 
0.00 
00.00 
24.30 
15.50 
10.00 
30.00 
21.00 
10.00 
25.00 
5.00 
0.00 
0.00 
of three replicates. 
TABLE 
mortality 
24 
14.40 
5 50 
0.00 
37.77 
21.10 
13.30 
37.70 
26 00 
13.00 
42 20 
25.60 
11.00 
0.00 
3 
Effect of shoot extracts of some latex bearing plants on the 
Plants 
Carica papaya L 
Artocarpus heterophyllus 
Ficus carica L. 
Ficus glomerata Roxb. 
Ipomoea fistuhsa Mart 
Nerium Odorum Soland 
Tabernamontana 
coronaria Wilid. 
Distilled Water 
Tyletichorhynchus brasiicae Siddiqi 
Concent 
ration 
S 
S/2 
S/10 
L. S 
S/2 
S/10 
s 
S/2 
s/10 
s 
s/2 
s/10 
s 
s/2 
s/10 
s 
s/2 
S/10 
S 
s/2 
S/10 
— 
• Per cent 
exposure 
12 
0.00 
0.00 
0.00 
25.00 
19.90 
12.22 
18.80 
0.00 
0.00 
0.00 
0.00 
0.00 
16.60 
0.00 
0.00 
17.70 
0.00 
0.00 
1400 
0.00 
0.00 
0.00 
after 
36 
24.30 
10.10 
0.00 
48.30 
28.80 
19.30 
57.00 
34.60 
22.20 
45.50 
29.00 
16.70 
0.00 
different 
hours 
41 
28.40 
14.30 
5.00 
100.00 
38.30 
23 33 
63.20 
40.10 
24.40 
64.50 
34.50 
21.11 
0.00 
durations of 
60 
43.33 
29.90 
12.10 
100.00 
47.00 
30.00 
80.00 
44.40 
30.00 
77.30 
44.50 
27.70 
0.00 
72 
68.90 
47.60 
20.00 
100,00 
55.50 
38.30 
100.00 
51.00 
34,50 
100.00 
59.99 
34.50 
0.00 
; mortality of the stunt nematode. 
i in vitrc 
mortality after 
24 
24.00 
12.50 
0.00 
46.30 
27.77 
21.00 
48.20 
27 30 
15.50 
12.50 
0.00 
0.00 
21.00 
13 00 
10.00 
28.50 
10.10 
0.00 
24.50 
15.50 
10.00 
0.00 
36 
34.00 
14.44 
5.00 
54.50 
37.00 
26.00 
59.99 
43.30 
24.30 
21.33 
15.55 
8 00 
48.00 
31.10 
15.30 
42.80 
17.70 
9.00 
37.30 
18.90 
12.20 
0.00 
1 
different durations of 
hours 
48 
43,60 
19.90 
18.00 
83.30 
43.50 
26.50 
81.00 
63.30 
29.00 
41.10 
33.30 
14.40 
100.00 
34.44 
19.00 
54.00 
24.40 
15.50 
55.55 
29.30 
15.55 
0.00 
60 
63.60 
34.70 
21.00 
86 00 
49.00 
32.00 
100.00 
68.88 
34.44 
52.30 
41.10 
18.00 
100.00 
49.00 
38.00 
58.70 
29.00 
18.00 
60.00 
35.33 
18.80 
0.00 
72 
89.90 
39.80 
27.00 
100.00 
58.80 
41.00 
100 00 
93.33 
39.90 
62.50 
49.90 
23.00 
100.00 
70.00 
48 00 
86.00 
43,10 
29.00 
88 00 
48.88 
31.00 
0.00 
Each value is an average of three replicates. 
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In case of the reniform nematode, Rotyknchnlus reniformis Linford and OHveira 100% 
nematodes were killed in 'S' concentration of the extracts of Ficus carica and Ipomoeafistulosa 
after 48 hours. Similar results were obtained with Artocarpus helerophyllus after 60 hours and 
with Nerium odorvm and Tabernaemontana coronaria after 72 hours. Carica papaya and Ficus 
glomerata gave mortality of 89.99% and 68.90%, respectively after 72 hours (Table 2). 
In the case of stunt nematode, Tyhncliorhynclms brassicae Siddiqi, Ipomoeafistulosa 
extract was most toxic at 'S' concentration and brought about 100% mortality after 48 hours. 
It was followed by Ficus carica and Artocarpus heterophyllus where 100% mortality was noted 
after 60 and 72 hours, respectively. Carica papaya, Tabernaemontana coronaria, Nerium 
odorum and Ficus carica depicted reducing toxicity in that order (Table 3). 
It was observed that the root-knot nematode, MeloidJgyne incognita was most sensitive 
to all the test extracts as 100% nematode liirvae were killed after 72 hours of exposure in all 
the extracts except that of F/cH^ g/o^:erflra where it was 83.33%. In case of Ficus carcia, 
Ipomoea fistulosa and Tabernaemontana coronaria this result was achieved even in S/2 
concentration. On the basis of toxicity of extracts the (est plants can be arranged in the 
following descending order : Ficus carica^Ipomoea fistulosa> Artocarpus heterophyllus> 
Nerium odorum> Carica papaya. Similarly, the larval hatching of the root-knot nematode 
was also inhibited. Here the inhibitory effect of different test extracts in descending order was 
as foWovis : Ficus carica>Tabernaemontana fistidosa>Carica papaya>Artocarpus heterophyl-
lus>Nerium odorum>Ficus glomerata (Table 4). 
It is abundantly clear from the results that the extracts of all the test species of latex 
bearing plants have nematicidal properties. It is possible that the toxicity is due to the latex 
besides other nematicides pre«ent in the plant extracts tested. 
The present findings may help in evolving indigenous approach for nematode control 
and to develop new nematicidal chemicals. 
TABLE 4 
Effect of shoot extracts of some latex bearing plants on in vitro mortality and hatching of the 
root-knot nematode, Meloidogyne incognita Chitwood. 
Plants 
Carica papaya L 
Artocarpus hetero-
phyllus Lam. 
Ficus carica L. 
Concen-
tration 
S 
S/2 
S/10 
s 
s/2 
S/10 
s 
s/2 
S/10 
Per cent mortality 
exposure. 
20.00 
16.66 
0.00 
23.60 
0.00 
0.00 
40.00 
16.10 
5.00 
24 
34.00 
22.00 
10.00 
31.60 
10.00 
0.00 
54.00 
31.10 
14.50 
after 
36 
51.00 
42.00 
21.00 
48.00 
34.40 
11.10 
66.10 
48.10 
25.80 
different 
hours 
48 
64.00 
47.00 
26.00 
55.55 
41.30 
17.77 
83 00 
69.10 
34.40 
durations of 
60 
79 90 
56.00 
32.00 
88.80 
58.80 
29.00 
100.00 
88.00 
46.50 
72 
100.00 
73.00 
53.70 
100.00 
81.00 
53.33 
100.00 
100.00 
64.50 
No. of 
larvae 
hatched 
in 5 days. 
275 
310 
412 
315 
390 
535 
160 
290 
380 
71 30S 
Plants 
Ficus glomerata 
Roxb. 
Ipomoea fistulosa 
Mart 
Nerium odorum 
Soland 
TabeTr.aemontana 
coronaria Willd. 
Distilled water 
Concen-
tration 
S 
S/2 
S'lO 
s 
s/2 
S/10 
s 
s/2 
S/10 
s 
s/2 
S/10 
— 
Per cent 
exposure. 
12 
0.00 
0.00 
0.00 
40.00 
0,00 
0.00 
30.00 
10.00 
0.00 
35.00 
15.00 
5.00 
0.00 
mortality 
24 
10 00 
0.00 
0.00 
43.10 
35.50 
15.00 
41.00 
15.00 
0 00 
50.50 
25.00 
10.50 
0.00 
after 
36 
50.00 
31.00 
15.00 
69.50 
49.00 
30.00 
49.00 
21.00 
10.00 
62.00 
45.00 
20.00 
0.00 
different 
hours 
48 
65.50 
48.00 
25.00 
75.00 
68.00 
37.00 
65.00 
25.50 
15.00 
78.00 
63.50 
28.70 
0.00 
durations of 
60 
72.20 
59.60 
34.00 
100.00 
86.60 
53.33 
86.00 
68.00 
24.44 
100.00 
84 00 
39.10 
0.00 
72 
83.33 
66.00 
59.00 
100.00 
100.00 
69.10 
100.00 
77.77 
52.30 
100.00 
100.00 
59.00 
0.00 
No. of 
larvae 
hatched 
in 5 days 
400 
450 
500 
200 
421 
490 
320 
450 
510 
190 
322 
421 
970 
Each value is an average of three replicates. 
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Abstract 
Effect of seed treatment with the latices of Calolropis giganlea, C. procera. Euphorbia milii, E. 
neriifolia and E. lirucatli on the root-knot development caused by Meloidogyne incognita and 
plant growth of tomato cv. Pusa Ruby, eggplant cv. Pusa Purple Long and okra cv. Pusa 
Sawani was studied. The test cullivars were found highly susceptible to the root-knot nematode 
as there was a marked reduaion in plant growth. The plant damage caused by the nematode was 
significantly masked by the seed coating with the test latices. 
Introduction 
Considerable emphasis has been given on such methods of nematode control which arc 
easy, cheap and pollution free. Use of organic wastes has shown promise in this direction. 
More recently systemic action of plant products against nematodes has been studied by Singh 
et al.^-^ In the present study attempt has been made to investigate the possible use of plant 
latices as seed dressing against the root-knot nematode. 
Materials and Methods 
Latices were collected from Calotropis gigantea (L.) R. Br. ex Ait. (Family-
Asclepiadaceae), C. procera (Ait.) R. Br. (Fam.-Asclepiadaceae), Euphorbia milii Des Moulins 
(Fam.-Euphorbiaceae), E. neriifolia Linn. (Fam.-Euphorbiaceae) and E. tirucalli Linn. (Fam.-
Euphorbiaceae) and were arbitrarily termed as standard (S). Seeds of tomato, Lycopersicon 
esculentum P. Mill cv. Pusa Ruby, eggplant, Solanum melongena Linn. cv. Pusa Purple 
Long and okra, Abelmoschus esculentus Moench. cv. Pusa Sawani were thoroughly mixed 
with different plant latices so as to give a uniform and smooth coating over the seeds. The 
treated seeds were then spread in an enamel tray and allowed to dry in shade before sowing. 
Excepting okra, the treated as well as untreated seeds were then sown in different clay pots 
containing sterilized soil for raising the seedlings. At 3-wk age these seedlings were 
transplanted singly to 15 cm clay pots containing 1 kg sterilized soil. After two days these 
seedlings were inoculated with different inocula of the 2nd stage juveniles of the root-knot 
nematode, Meloidogyne incognita (Kofoid & White) Chitwood. In case of okra, seeds were 
directly sown after treating them with the plant latices as above and the plants were inoculated 
at 3-wk age. There were three replicates for each treatment 
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After three months the plants were uprooted, washed and their weights and lengths 
determined. The root-knot development/root-gall index, based on visual observations, was 
rated on 0-4 scale. 
Results and Discussion 
Results as presented and summarized in Tables 1-5 clearly indicate that the test varieties 
of tomato, eggplant and okra were highly susceptible to the root-knot nematode. The plant 
length as well as weight was reduced significantly at higher inoculum levels (500 and 5000 
larvae/plant) of the nematode. However, the results were not consistent when the plants were 
inoculated with the lowest level (50 larvae/plant). The susceptibility of plants was also 
evident by considerable root-galling. The root-knot index was found directly correlated with the 
initial inoculum level. Highest root-knot index was found when the plants were inoculated 
with 5000 larvae/^lant (Tables 1-5). 
Plant latices, obtained from Calotropis gigantea, C. procera. Euphorbia milii, E. 
neriifolia and E. tirucalli, when applied as seed dressing significantly improved plant growth 
and suppressed root-knot development at all the inoculum levels of the namatode (Tables 1-
5). The effect was, however, more marked at the highest inoculum level (5(XX) larvac/^lant). 
Similar results have also been reported with respect to seed treatment with different oil-
seed cakes by Singh ei al?-^ They noticed an increase in the phenolic contents in the roots of 
those plants raised from oil-cake coated seeds. This possibility cannot be ruled out in the 
present case. It appears in the present case that the plants raised from latex treated seeds have 
acquired some resistance/tolerance against the root-knot nematode resulting in its poor 
development. Alam et «/.'•* have also noticed induction of some resistance/tolerance in 
otherwise susceptible hosts against Meloidogyne incognita and Tylenchorhynchus brassicae, 
when these plants were raised in oil-cake amended soil. Here also the authors have noted an 
increase in the phenolic level of the roots. 
The nema-toxicity of- plant latices and the control of nematodes by the application of 
chopped parts of latex bearing plants are well known." In the present study the effectiveness 
of plant latices as seed treatment against the root-knot nematode is repeated, which opens a 
new field for the control of the root-knot nematode. 
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TABLE 1 
Effect of seed dressing with the latex of Calotropis giganlea on the root-knot development caused by Meloidogyne 
incognita and plant growth of tomato cv. Pusa Ruby, eggplant cv. Pusa Puiple Long and Okra cv. Pusa Sa wani. 
(Values are mean of 3 replicates). 
Plant Inoculum 
level 
Tomato 0 
50 
500 
5000 
Treat-
ments 
UN 
TR 
UN 
TR 
UN 
IK 
UN 
TO 
C,P.fP=0,051 
c.n.n'=o.on 
Eggplant 0 
50 
500 
5000 
UN 
TO 
UN 
TO 
UN 
TO 
UN 
TO 
C.nYP=0.05^ 
r.nrp=o.on 
Okra 0 
50 
500 
5000 
UN 
TO 
UN 
TO 
UN 
TO 
UN 
TO 
CP,(P=0,05) 
c.D.<p=o.on 
1 
Shoot 
35.40 
36.00 
34.10 
37.20 
30.00 
31.30 
20.30 
22.40 
33.11 
34.20 
26.30 
24.20 
19.60 
21.40 
16.30 
18.10 
65.50 
71.20 
63.30 
68.20 
47.30 
51.60 
34.00 
40.60 
Length (cm) 
Root 
13.20 
15.20 
12.40 
14.30 
9.20 
11.40 
6.10 
8.30 
15.20 
16.10 
13.00 
16.30 
13.80 
14.60 
8.80 
10.30 
17.30 
16.20 
17.10 
14.20 
21.10 
24.00 
15.00 
17.00 
Total 
48.60 
51.20 
46.50 
51.50 
39.20 
42.70 
26.40 
30.70 
1.780 
2.470 
48.31 
50.30 
39.30 
40.50 
33.40 
36.00 
25.10 
28.40 
1.707 
2.370 
82.80 
87.40 
80.40 
82.40 
68.40 
75.60 
49.00 
57.60 
1.596 
i 2 1 6 
Shoot 
14.30 
16.20 
15.80 
16.00 
9.30 
12.40 
6.00 
7.50 
5.00 
5.80 
4.50 
5.40 
3.90 
4.80 
3.00 
2.90 
23.60 
24.06 
19.80 
21.10 
15.50 
20.80 
14.00 
16.70 
Weight (g) 
Root 
8.00 
9.10 
7.60 
8.30 
6.00 
7.80 
3.50 
6.70 
2.50 
3.00 
2.30 
3.10 
1.20 
2.00 
0.70 
2.30 
12.00 
14.20 
12.00 
13.60 
10.00 
11.60 
3.80 
5.50 
Total 
22.30 
25.30 
23.40 
24.30 
15.30 
20.20 
9.50 
14.20 
1.029 
1.428 
7.50 
8.80 
6.80 
8.50 
5.10 
6.80 
3.70 
5.20 
1.115 
1.548 
35.60 
38.26 
31.80 
34.70 
25.50 
32.40 
17.80 
2Z20 
1.136 
1.577 
Root-
knot 
Index 
_ 
-
0.45 
0.10 
1.60 
0.60 
3.50 
2.50 
0.467 
0.665 
_ 
-
0.10 
0.00 
1.20 
1.00 
3.40 
2.40 
0.588 
0.836 
_ 
-
0.40 
0.15 
1.10 
0.60 
3.00 
2.60 
0.421 
0.598 
UN = Untreated seeds, TO = Seeds treated with the natural concentration (S) of the latex. 
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TABLE2 
Effect d seed dressing with the Utex of Calotropis procera on the root-knot development caused by Meloidogyne 
incognita and plant growth of tomato cv, Pusa Ruby, Eggplant cv. Pusa Puiple Long and Okra cv. Pusa Sawani. 
(Values are mean of 3 rq>licates) 
Plant Inoculum 
level 
Tomato 0 
50 
500 
5000 
Tnat-
mcnts 
UN 
TR 
UN 
TO 
UN 
TO 
UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Eggplant 0 
50 
500 
5000 
UN 
TO 
UN 
TO 
UN 
TO 
UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Okra 0 
50 
500 
5000 
UN 
TO 
UN 
TO 
UN 
TO 
UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Shoot 
37.16 
36.00 
37.05 
40.00 
33.01 
34.00 
24.72 
26.00 
30.17 
30.33 
28.61 
26.00 
20.27 
22.83 
15.11 
19.00 
69.00 
73.50 
65.16 
70.50 
51.00 
55.00 
38.16 
44.50 
Length (or 
Root 
14.61 
17.50 
16.39 
18.16 
11.16 
14.16 
7.00 
5.83 
14.55 
17.67 
13.79 
17.00 
12.00 
11.50 
10.60 
10.70 
18.26 
19.50 
19.17 
15.00 
23.16 
25.40 
17.00 
21.50 
') 
Total 
51.77 
53.50 
53.44 
58.16 
44.17 
48.16 
31.72 
31.83 
1.878 
2.608 
44.72 
48.00 
42.40 
43.00 
32.27 
34.33 
25.71 
29.70 
1.415 
1.964 
87.26 
93.00 
84.33 
85.50 
74.16 
80.40 
55.16 
66.00 
1.998 
2.773 
Shoot 
16.72 
19.16 
15.85 
18.00 
10.50 
14.00 
6.61 
8.83 
5.50 
7.00 
4.72 
5.33 
3.95 
4.83 
3.05 
Z83 
23.00 
24.13 
21.00 
23.00 
17.00 
21.00 
15.00 
18.00 
Weight (g) 
Root 
8.64 
9.50 
8.55 
8.83 
6.50 
8.16 
3.41 
6.83 
3.00 
4.50 
3.55 
3.73 
1.95 
2.S0 
1.61 
X25 
14.00 
15.00 
12.50 
14.00 
10.16 
liOO 
4.00 
6.66 
Total 
25.36 
28.66 
24.40 
26.83 
17.00 
22.16 
10.02 
15.66 
1.867 
2.592 
8.50 
11.50 
8.27 
9.06 
5.90 
7.33 
4.66 
5.08 
0.829 
1.151 
37.00 
39.13 
33.50 
37.00 
27.16 
33.00 
19.00 
24.66 
1.208 
1.676 
Root-
knot 
Index 
_ 
-
0.50 
0.00 
1.61 
0.70 
3.83 
2.50 
0.748 
1.089 
_ 
-
0.10 
0.00 
1.25 
1.10 
3.50 
Z50 
0.052 
0.076 
-
-
0.30 
0.16 
1.00 
0.70 
3.25 
Z80 
0.121 
0.169 
UN = Untreated seeds, TO = Seeds treated with the natural concentration (S) of the latex. 
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TABLES 
Effect of seed dressing with the Utex of Euphorbia milU on the root4cnot development caused by Meloietogyne 
incognita and plant growth of tomato cv. Pusa Ruby, eggplant cv. POM Purple long and Okra cv. Pnsa Sawani 
(Values are mean of 3 rq>licales). 
Plant fooculum 
level 
Tomato 0 
50 
500 
5000 
Treat-
moits 
UN 
TO 
UN 
TO 
UN 
TO 
UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Eggplant 0 
50 
500 
5000 
UN 
TO 
UN 
TO 
UN 
TO 
UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Okia 0 
50 
500 
5000 
UN 
TO 
UN 
TO 
UN 
TO 
UN 
TO 
CD.(P=0.05) 
CD.(P=0.01) 
Length (cm) 
Sioot 
35.40 
36.60 
34.10 
35.30 
30.00 
31.00 
20.30 
22.70 
33.11 
34.60 
26.30 
24.90 
19.60 
21.90 
16.30 
17.60 
65.50 
70.30 
63.30 
68.40 
47.30 
51.30 
34.00 
40.70 
Root 
13.20 
15.40 
12.40 
14.50 
9.20 
11.80 
6.10 
8.40 
15.20 
16.70 
13.00 
16.50 
13.80 
14.00 
8.80 
9.40 
17.30 
15.00 
17.10 
14.30 
21.10 
24.80 
15.00 
17.60 
Tool 
48.60 
5 i 0 0 
46.50 
49.80 
39.20 
42.80 
26.40 
31.10 
1.904 
2.643 
48J1 
5130 
3930 
41.40 
33.40 
35.90 
25.10 
27.00 
1.982 
2.751 
82.80 
85.30 
80.40 
82.70 
68.40 
76.10 
49.00 
58.30 
2.140 
2.971 
Shoot 
14.30 
17.70 
15.80 
16.30 
9.30 
12.50 
6.00 
7.60 
5.00 
6.90 
4.50 
5.50 
3.90 
5.00 
3.00 
Z40 
23.60 
21.50 
19.80 
21.00 
15.50 
16.20 
14.00 
17.30 
Weight (g) 
Root 
8.00 
5.30 
7.60 
8.40 
6.00 
7.90 
3.50 
6.90 
2.50 
4.30 
130 
3.40 
1.20 
2.60 
a70 
2.20 
12.00 
14.30 
12.00 
13.90 
10.00 
11.70 
3.80 
5.80 
Tol^ 
22.30 
23.00 
23.40 
24.70 
1530 
20.40 
9.50 
14.50 
1.666 
2313 
7.50 
11.20 
6.80 
8.90 
5.10 
7.60 
3.70 
4.60 
1.4CT 
2.036 
35.60 
35.80 
31.80 
34.90 
25.50 
27.90 
17.80 
23.10 
IJ5S7 
2.176 
Root-
knot 
Index 
-
-
0.45 
0.10 
1.60 
0.50 
3.50 
2.40 
0.407 
0.579 
_ 
-
0.10 
0.00 
1.20 
0.90 
3.40 
2.30 
0392 
0J57 
_ 
-
0.40 
0.10 
1.10 
0.50 
3.00 
Z50 
0345 
0.491 
UN = Untreated seeds, TO = Seeds treated with the natural ccncentrtfioa (S) of the latex. 
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TABLE4 
Effea of seed dressing with the latex of Euphorbia neriifolia on the root-knot development caused by Meloidogyne 
incognita and plant growth of tomato cv. Pusa Ruby, eggjdant cv. Pusa Purple long and Okra cv. Pusa Sawani 
(Values are mean of 3 replicates). 
Plant Inoculum Treat-
level ments 
Tomato 0 UN 
TO 
50 UN 
TO 
500 UN 
TO 
5000 UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Eggplant 0 UN 
TO 
50 UN 
TO 
500 UN 
TO 
5000 UN 
TO 
C.D.(P=0.05) 
CD.(P=0.01) 
Okra 0 UN 
TO 
50 UN 
TO 
500 UN 
TO 
5000 UN 
TO 
C.D.(P=0.05) 
CD.(P=0.01) 
Shoot 
37.16 
39.33 
37.05 
40.22 
33.01 
35J2 
24.72 
27.17 
30.17 
30.38 
28.61 
29.77 
20.27 
21.61 
15.11 
21.22 
72.00 
69.28 
62.76 
66.40 
49.17 
53.47 
39.16 
42.83 
Length (cm) 
Root 
14.61 
14.39 
16.39 
16.03 
11.16 
13.22 
7.00 
8.36 
14.55 
17.50 
13.79 
16.56 
12.00 
13.50 
10.60 
IIJO 
17.83 
29.32 
18.20 
19.16 
2133 
23.28 
19.00 
21.00 
Total 
51.77 
53.72 
53.44 
56.25 
44.17 
48.74 
31.72 
35.53 
1.710 
2.373 
44.72 
47.88 
42.40 
46.33 
32.27 
35.11 
25.71 
32.72 
1303 
2.085 
89.83 
98.60 
80.96 
85.56 
70J0 
76.75 
58.16 
63.83 
2.454 
3.406 
Shoot 
16.72 
19.22 
15.85 
17.23 
10.50 
12.50 
6.61 
8.61 
5.50 
5.12 
4.72 
5.55 
3.95 
5.50 
3.05 
4.00 
23.82 
2143 
20.43 
21.24 
15.44 
19.28 
13.41 
16.23 
Weight (g) 
Root 
8.64 
6.77 
8.55 
10.50 
6.50 
7.77 
3.41 
5.39 
3.00 
4.07 
3.55 
3.36 
1.95 
Z66 
1.61 
2.50 
11.26 
13.00 
11.00 
12.00 
IZOO 
13.00 
3.00 
4.17 
Total 
25.36 
25.99 
24.40 
27.73 
17.00 
20.27 
10.02 
14.00 
1.719 
2.386 
8.50 
9.19 
8.27 
8.91 
5.90 
8.16 
4.66 
6.50 
0.752 
1.044 
34.08 
35.43 
31.43 
33.24 
27.44 
32.28 
16.41 
20.40 
3.826 
5.319 
Root-
knot 
Index 
_ 
-
0.50 
0.00 
1.61 
1.00 
3.83 
2.33 
0.297 
0.433 
-
-
0.10 
0.00 
1.25 
1.00 
3.50 
2.00 
0.019 
0.029 
-
-
0.25 
0.00 
0.75 
a50 
3.08 
ZIO 
0.087 
0.121 
UN = Untreated seeds, TR = Seeds ttealed with the nauinl concentiation (S) of the latex. 
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TABLES 
Effect of seed dressing with the latex of Euphorbia tirucalli on the ioot'4cnot developnient caused by Meloidogyne 
incognita and plant growth of tomato cv. Pusa Ruby, eggplant cv. Pusa Purple long and Okn cv. Pusa Sawani. 
(Values are mean of 3 replicates). 
Plant ItKtculum Treat-
level ments 
Tomato 0 UN 
TO 
50 UN 
TO 
500 UN 
TO 
5000 UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Eggfdant 0 UN 
TO 
50 UN 
TO 
500 UN 
TO 
5000 UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
Otaa 0 UN 
TO 
50 UN 
TO 
500 UN 
TO 
5000 UN 
TO 
C.D.(P=0.05) 
C.D.(P=0.01) 
1 
Shoot 
37.16 
40.89 
37.05 
39.16 
33.01 
33.01 
24.72 
26.55 
30.17 
30.00 
28.61 
27.55 
20.27 
20.59 
15.11 
18.12 
67.50 
72.00 
66.50 
70.43 
52.64 
5433 
40.33 
42.44 
Length (cm) 
Root 
14.61 
14.77 
16.39 
15.00 
11.16 
10.50 
7.00 
7.50 
14.55 
16.22 
13.79 
12.79 
12.00 
10.11 
10.60 
10.48 
17.16 
18.83 
15.00 
17.00 
23.00 
23.87 
17.70 
19.83 
Toul 
51.77 
55.66 
53.44 
54.16 
44.17 
43.51 
31.72 
34.05 
1.865 
2J89 
44.72 
46.22 
42.40 
40.34 
32.27 
30.70 
25.71 
28.60 
1.647 
Z288 
84.66 
90.83 
81.50 
87.43 
75.64 
78.20 
58.03 
62.27 
3.116 
4.323 
Shoot 
16.72 
20.66 
15.85 
17.50 
lOJO 
1Z61 
6.61 
8.73 
5.50 
6.55 
4.72 
5.22 
3.95 
3.51 
3.05 
2.29 
23.16 
24.20 
20.00 
22.20 
20.33 
22.66 
14.74 
15.30 
Weight (g) 
Root 
8.64 
8.58 
8.55 
8.58 
6.50 
7.50 
3.41 
3.50 
3.00 
3.60 
3.55 
2.72 
1.95 
Z65 
1.61 
Z95 
13.17 
15.16 
IZOO 
13.00 
11.00 
1Z17 
2.95 
3.33 
Total 
25.36 
29.24 
24.40 
26.08 
17.00 
20.11 
10.02 
12.23 
1.448 
2.010 
8.50 
10.15 
8.27 
7.94 
5.90 
6.16 
4.66 
5.24 
1.797 
2.494 
36.33 
39.36 
32.00 
35.20 
31.33 
34.83 
17.69 
18.63 
2.071 
2.874 
Root-
knot 
Index 
-
-
0.50 
0.00 
1.61 
1.00 
:.83 
3.00 
0.239 
0.348 
_ 
-
0.10 
0.00 
1.25 
0.90 
3.50 
Z63 
0.057 
0.083 
^ 
-
0.25 
0.10 
0.75 
0.60 
3.00 
2.50 
0.804 
1.144 
UN = Untreated seeds, TO = Seeds treated with the natural conoentralion (S) of the latex. 
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EFFECT OF LATEX SEED DRESSING ON 
ROTYLENCHULUS RENIFORMIS AND PLANT GROWTH 
OF SOME VEGETABLES 
by 
M.A. SiDDiQui and M.M. ALAM 
The reniform nematode, Rotylenchulus reniformis 
Linford et Oliveira has been recognized as one of the 
serious pest problems in India. It causes enormous los-
ses in some important vegetable crops. In the present 
study we have investigated the feasibility of use of plant 
latex seed dressings for the control of this nematode. 
Materials and Methods 
Latex was collected from Calotropis gigantea (L.) R. 
Br. ex Ait. (Family-Asclepiadaceae), C. procera (Ait.) R. 
Br. (Fam-Asclepiadaceae), Euphorbia milii Des Moulins 
(Fam-Euphorbiaceae), E. neriifolia (Fam-Euphorbia-
ceae) and E. tirucalli L. (Fam.-Euphorbiaceae), after 
making oblique cuts with the help of a sharp scalpel, 
and were arbitrarily termed as s tandard (S). Seeds of 
tomato, Lycopersicon esculentum Mill. cv. Pusa Ruby, 
eggplant, Solanum nielongena L. cv. Pusa Purple long 
and okra, Abelmoschus esculentus Moench. cv. Pusa Sa-
wani were thoroughly mixed with different plant latex 
so as to give a uniform and smooth coating over the 
seeds. The treated seeds were then spread in an enam-
el tray and allowed to dry in shade before sowing. 
Excepting okra, the treated as well as untreated seeds 
were then sown in different clay pots containing steri-
lized soil. Three-week-old seedlings were transplanted 
singly to 15 cm clay pots containing 1 kg autoclaved 
soil-manure mixture and then inoculated with different 
inoculum levels of freshly isolated specimens of R. reni-
formis viz. 50, 500 and 5000 per pot. Inoculations were 
made by transferring the nematode suspension to 
holes in the soil around the plant root system. In the 
case of okra, seeds were directly sown in pots. After 
germination, thinning was done to keep only one plant 
per pot. At 3 weeks plants were inoculated as above and 
each treatment replicated 3 times. The experiment was 
randomized on glasshouse benches, watered daily and 
maintained at 28 ± 2°C. 
After three months, the plants were uprooted, roots 
were washed and plant weights determined. The final 
nematode population in the soil was determined by 
using Cobb's sieving and decanting method. Data were 
statistically analysed for critical difference (CD.) at 
P = 0.05 (Sukhatme and Amble, 1978). 
Results and Discussion 
Results as presented and summarized in table I 
clearly indicate that tomato, eggplant and okra showed 
high susceptibility to the reniform nematode as the po-
pulations of the nematode multiplied in all the untreat-
ed pots. The plant weights were reduced significantly 
at higher inoculum levels of the nematode (500 and 5000 
specimens/plant). However, the results were not con-
sistant when the plants were inoculated at 50 nemato-
des/plant. 
Seed dressing with different plant latex brought 
about significant reduction in the population of the ne-
matode with a corresponding increase in the plant 
growth. The results however show that the damage 
caused by the reniform nematode was not fully recover-
ed by the seed coating with the latex. This was also 
evident from the fact that the nematode population was 
not completely checked. 
It appears in the present findings that the plants 
raised from treated seeds, have acquired some resistan-
ce/tolerance against the test nematode resulting in its 
poor multiplication. The seeds of tomato, eggplant and 
okra when coated with different plant latex showed 
significant improvement in plant growth. This may also 
be due to the reduction in nematode population. 
Our results support those of Maqbool et ai, (1987) 
who have obtained reduced root galling on eggplant and 
tomato by the soil application of latex of Euphorbia 
caducifolia and Calotropis procera. 
In the present study it was also noted that the 
^application of plant latex has improved plant growth 
even in uninoculated controls. 
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TABLE I - Effect of latex seed dressings on Rotylenchulus reniformis and plant growtli of some vegetables. 
Incxuluin 
Tomato 
0 
50 
500 
5000 
CD. (P = = 0.05) 
Eggplant 
0 
50 
500 
5000 
CD. {P = 
Okra 
0 
50 
500 
5000 
CD. (P = 
0.05) 
0.05) 
T t f a i i n e n t s ^ 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
\ \ i . 
24.7 
26.4 
22.3 
25.1 
19.0 
20.3 
12.1 
15.4 
1.7 
32.6 
35.3 
28.2 
32.5 
35.8 
28.5 
17.1 
20.4 
1.7 
37.8 
41.1 
36.8 
41.1 
30.0 
34.1 
15.2 
18.1 
1.9 
CG 
Pop. 
— 
— 
110 
50 
750 
410 
5630 
4435 
34.5 
— 
— 
70 
30 
740 
360 
5800 
4320 
37.2 
^ 
— 
130 
40 
960 
370 
6880 
4130 
42.5 
Planl \\cigh ' (g] and neir 
CP 
Wi. 
26.3 
28.5 
23,8 
26.0 
22.9 
24.1 
12.3 
15.3 
1.7 
34.7 
38.7 
31.0 
32.5 
26.7 
27.0 
18.0 
19.7 
1.6 
41.3 
44.4 
38.9 
42.3 
30.6 
32.4 
16.4 
21.7 
3.9 
Pop. 
— 
— 
100 
40 
800 
415 
5750 
4533 
74.0 
— 
— 
80 
35 
753 
353 
5903 
4423 
58.5 
— 
— 
120 
35 
1080 
390 
6860 
4150 
43.0 
atodt popLik t i u n ' in d i i l c 
E.M 
\Vl 
24.7 
27.3 
22.3 
24.3 
19.0 
20.5 
12.1 
15,1 
1.1 
32.6 
34.7 
28.2 
32,0 
25,8 
27.8 
17.1 
19.5 
1.3 
37.8 
40.3 
36.8 
39.9 
30.0 
32.6 
15.2 
17.8 
1.1 
Pop 
— 
— 
110 
40 
750 
390 
5630 
4320 
39-.6 
— 
— 
70 
10 
740 
310 
5800 
4150 
29.8 
— 
— 
130 
30 
960 
300 
6880 
4010 
34.7 
cm lalt ' \ ' sc L'd drtvssings 
EN 
\ \ i 
26.3 
29.7 
23.8 
26.4 
22.9 
24.8 
12.3 
14.5 
1.7 
34.7 
35.5 
31.0 
31.2 
26.7 
28.5 
18.0 
19.0 
2.3 
41.3 
45.9 
38.9 
40.2 
30.6 
35.8 
16.4 
23.0 
3.5 
Pop 
— 
— 
100 
0 
800 
250 
5750 
4250 
68.7 
— 
— 
80 
25 
753 
310 
5903 
4016 
66.4 
— 
— 
120 
30 
1080 
360 
6860 
4100 
49.3 
ET 
\Vl. 
26.3 
27.7 
23.8 
25.5 
22.9 
24.5 
12.3 
13.5 
1.4 
34.6 
36.1 
31.0 
32.6 
26.6 
28.6 
18.0 
19.7 
1.9 
41.3 
43.6 
38.9 
40.9 
30.6 
32.3 
16.4 
18.2 
2.1 
Pop 
— 
— 
100 
30 
800 
430 
5750 
4450 
81.3 
— 
— 
80 
40 
753 
340 
5903 
4096 
41.1 
— 
— 
120 
50 
1080 
480 
6860 
4470 
69.1 
Each \a luc is an a\(.M"ago o[ three repHcales 
U \ = Unirealed .seeds: T R - S e e d s iieaied with ihe natuiat conecniralioii 
CG-CaUiluipi^ liitiU'iu-u: CP C pmcera: E\\ -- Euphorhiu iinlii, E S - f ; i •mh 
Literature cited 
.MAOBOOL M.A., HA.SU.V)! S. and GH.AU AR A., 1987 - ElfccI of late-x c.xiiacis 
frum Euphorbia cudiicilolia and Calutmpis pruccra on root-knot ne-
matode Meloidogyne iricogiula infesting tomato and eggplant. Pak J. 
SoimloL, 5: 43-47, 
St'KiiAi.ME P.V. and AMBI I-. \ ' . \ . 197S - SKiiisliiiil iiicihiiil^ tin <igruul 
lltral workdfs. Iniiian C(.)Lnicil of ALiiicLihtifal Reseaich, \ e \ \ Delhi 
Accepted lof publication on 10 Decembe]- 198,. 
— 130 
320 Pak. J.NematoL. 6(2): 65—71. 1988. 
EFFECT OF SEED DRESSING WITH PLANT LATEX ON 
TYLENCHORHYNCHUS BRASSICAE AND PLANT 
GROWTH OF CABBAGE AND CAULIFLOWER 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India. 
Abstract 
Cabbage and cauliflower were highly susceptible to the stunt nematode, Tylenchorhynchus brassicae, as 
there was significant reduction in plant growth and an increase in nematode numbers. Seed dressings with the 
latices of Calotropis giganiea, C. procera. Euphorbia fnUii, E. neriifolia and E. tirucalli significantly inhibited 
nematode increase and resulted in overall improvement of plant growth. However, none of the treatments to-
tally eliminated the nematode. This type of contrcd is considered inexpensive and pollution-free. 
The Stunt nematode, Tylenchorhynchus brassicae Siddiqi is a widely distrib-
uted pest in India. It mainly attacks cabbage, cauliflower, and other cruciferous 
plants and can cause high losses (Siddiqui, 1969). It has been successfully con-
trolled by nematicides (Siddiqui & Khan, 1973, 1974) and organic soil amend-
ments (Alam, 1986). Many of the traditional organic additives have systemic ac-
tion against root-knot nematode (Singh et al., 1980,1984). This type of informa-
tion, however, is lacking in the case of the stunt nematodes. There are reports of 
the nematode-toxicity of plant latices (Siddiqui et al., 1984; Zurreen & Khan, 
1984), and water extracts of latex bearing plants (Haseeb et al, 1984). Soil 
amendment of chopped plant parts (Siddiqui et al, 1987), and plant latices 
(Maqbool et al, 1987) have also shown practical utility of latex bearing plants in 
nematode management In the present study we investigated the effect of plant 
latex as a seed dressing agent on T. brassicae. 
Materials and Methods 
Latex was collected from Calotropis gigantea (L.) R.Br., C. procera (Ait.) 
R. Br., (Asclepiadaceae), Euphorbia milii Des Moulins, E. neriifolia L., and E. 
tirucalli L. (Euphoibiaceae), after making oblique cuts with the help of a sharp 
scalpel. Seeds of cabbage, Brassica oleracea capitata L., cv.. Pride of India and 
cauliflower, Brassica oleracea botrytis L., cv., Maghi were separately mixed 
with each plant latex to give a uniform and smooth coating over the seeds. The 
treated seeds (TR) were then spread in an enamel tray and allowed to dry in 
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shade beftwe ic^ing; SeedlttigsiWcite ritsed from trfeated (TR) as wdll as un-
treated (UN) se^dsiii ah'aiitbclaVed; soiPmahUre mixtinte. Three-week-old seed-
lings transplaiHefl siil^y ito 315 cni -laianiP cla>« p(^s cohtainMg 1 kg sterilized 
soil-manure mixture were inoculated with 50, 500 or 5000 specimens of T. bras-
sicae freshly isolaiedifcom soil'of cdnjirete micWidots maintaining pure culture 
of the nematode. Isolation of nematodes was done following Cobb's sieving and 
decanting method alongwith a modified Baermann funnel technique (Southey, 
1986). Each treatmert'was replicated^ times. The'pots were watered daily, ran-
domized and kept on a glasshouse bench (28 ± 2°Q. The plants were uprooted 
after three months, washed and their weight and length determined. The final 
tiematode pQpulatioii,in soilnwas.^Iso 4e|ennined. A rpproduction-factor (R) was 
Table I. ElfKct of seed drjessirig with latex from Calotropis spp., on population 
development of Tjfefljc/[<jrA[j?fl,c^ HSftraS;y/co« gnd plant growth of cabjbagie cv., 
Pride of India and cauliflower cv., IVf aghi. 
' ' . — , 1 r . J 1 i • ' 
Plant ,.^ 
- L i " "i '11 , ' . i ' — 
. i - Inoculums: 
level 
• • • , . , . • ' • . • • - : , : 
Treal-, : 
ment 
' ..r'r ,i-,.;; 
, Length 
i . (cm) 
— 1 — > , j ' • • 
Weight 
(g) 
Final 
popula-
fibri 
R 
Cafottopis giganUd 
Gabbagfe: 
50 „ 
500 
LSD (P = 0.05) 
LSD (P = 0.01) 
Cauliflower 
50 
. 500 
5966. 
LSD (P = 0:05) ' 
LSD(P = G.O]> 
UN 
;TR': 
W.-
TR 
m':' 
TR 
UN, • 
TR; -
U N ' •• ' 
TR 
UN-
TR 
UN:, J, 
Tfl . 
UN 
TR 
I " ' '•'• • 
':.^34.5.;,:. 
. 38.1, 
26.2 ,, 
'30,0 
24.4 
^^27.4-'^' 
/ 19.5 , 
. 21 .8 . 
^A i 
2.2 
' ' ' 5 ^ . 5 - ' 
36.5 
30.9 
;;:>32i7n,;-' 
, r?8^8 , 
, . 33 .^ , . , . 
22.6 
'•^•^25.5"" 
- \.6 -
'••.'.:: in^-r-u 
19.8 
.. 23.7 . 
,18.3. , 
21.7 
t6.2 
i 18.6 -^  
ill.O" 
; 14:7: 
, 1.4-
1.9 
21.1 
24.4 
17.7^ 
. 20.2 ! 
14.1 , 
16.0 
12.0 
17.7 • 
• 1.4 
' 2-0 
• ; — 
.-—• 
100 
45 
8:10 
450 
5630 
4810 
• :v24.8 
35.2 
— 
• i l 5 
- 1 , 35^ 
730 
410 
,,5570 
•'462()' 
'•^'•ii.i ^ 
58.4 
— 
• : 
2.00 
0.90 
1.62 
0.90 
1.13 
€.96 
, " ' • . ' 
— 
•2.30 
moe, 
,1.46 • 
0.82 
i.ll 
0.92 
• ' ' • • • 
S6ed dressii^ «ith )9&i kiex'tin Nematode control 
Calottopis igrecerit 
Cabbagf,; 
LSD (P = 0.05) 
LSD (P = 0.01) 
'.>,"- Oil I 
LSD (P = 0.05) 
LSD (P = 0.01) ^ 
JO _ 
500 \ ^ 
5ooa -
or 
50' 
500^ 
5000, 
t 
Esch yalueas an average qf 6 ^ ;eplicates. )!JN ? 
tion (S) of latex. R = Reproduction factor. 
( 1 f ' ^ 
. TR „ ,< 
TR 
UN -
TR 
9, 
U N , i ^ 
TRT/1 T 
TR 
UN 
TR 
Untreated^ s^eeds 
>" J 
-29-3 -
30 .5 , . 
2 6 . 5 , ; : ^ 
29.0 
-20:0-
21.3 
1.8 , 
2.1 
37.5 
34.2 
55.2 y,jj,? 
30.0 
34.7 
24.7 
26.0 
2 7 
3.1 
20 3 -
17.3 
20.0 
-14.4 
15.4 
2.7 
3.1 
22.5 
26.0 
21.5 
24.6 
17.2 
20.4 
13.4 
18.0 
1.4 
1.6 
321: 
6?<^  
_ 90 LSa 
40 m ^ 
703 1.40 
403 0.82 
- 5550 -irlO-
34 .6 .^ , , . , , ' 
42.0 " 
97 1.90 
40 0.80 
700 1.40 
,-,403 qA-80' 
?^ 96 o;v#; 
4550 0.81 
14.4,,.. , , . . 
17.5 
. TR = Seeds treated with the natural conccnlra-
V 
> r 
calculated by dividiag the fipal population by the initial population (Pf/Pi) as 
suggested \y/ Oosteni?rink (19,66). Data were statistically analysed at P = 0.05 
and P = a o i (Sukhaflae & Ariibte, 1978X ' 
Results and Discussion 
In control sets 4l^ nematode multipl|)?<^  on both^  the test plants (Tables jf 2).; 
Plant length and weight were reduced significandy at higher inoculum levels 
(5€I0 and' 5000 spdcittiens/pl^tX in untK^ed conttdls. These results were not 
cOftMstent at the lowest inocuhitf level of'50 n^matodes/pot. 
j 'Use of j)lant lattices as §^ ed dressing significant reduced the nematode 
ip^tipliq^tipn with anQorresponding increase in plant growth (Table 1-2). The ef-
fect was:mpre maifced at the hji^est inoculum level 5000 specimen^pl^.^j^ow-
ever, damage causadiby the stunt nematode was not fully preventedifey ^ seedi 
coatings. This was evidenced from the fact that the nematode population was not 
completely checked, though the inhibition in the nematode population due to the 
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Table 2. Effect of seed dressing with latex from Euphorbia spp,, on 
population development of Tylenchorhynchus brassicae and plant 
gro>vth of cabbage cv., Pride of India and cauliflower cv., Maghi. 
Plant 
Euphorbia milii 
Cabbage 
LSD (P = 0.05) 
LSD (P = 0.01) 
Cauliflower 
LSD (P = 0.05) 
LSD (P = 0.01) 
Euphorbia neriifolia 
Cabbage 
LSD (P = 0.05) 
LSD (P-0.01) 
Inoculum 
level 
0 
50 
500 
5000 
0 
50 
500 
5000 
0 
50 
500 
5000 
Treat-
ment 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
Length 
(cm) 
34.5 
36.2 
26.2 
29.0 
24.4 
25.7 
19.5 
20.5 
2.5 
3.4 
33.5 
34.9 
30.9 
31.5 
28.8 
31.7 
22.6 
25.2 
2.6 
3.6 
33.1 
37.3 
29.8 
30.0 
24.8 
26.8 
18.8 
21.0 
1.5 
1.7 
Weight 
(g) 
19.8 
22.3 
18.3 
21.5 
16.2 
18.3 
11.0 
14.2 
1.1 
1.6 
21.1 
24.3 
17.7 
19.3 
14.1 
15.8 
12.0 
15.5 
1.4 
1.9 
27.7 
30.2 
19.4 
26.2 
15.2 
19.6 
11.3 
15.3 
1.6 
1.9 
Final 
popula-
tion 
— 
— 
100 
55 
810 
460 
5630 
4950 
36.6 
52.0 
—. 
— 
115 
45 
730 
440 
5570 
4730 
30.8 
24.8 
— 
— 
90 
50 
710 
385 
5816 
4706 
36.1 
43.8 
R 
— 
— 
2.00 
1.10 
1.62 
0.92 
1.13 
0.99 
— 
2.30 
0.90 
1.46 
0.88 
1.11 
0.95 
— 
— 
1.80 
1.00 
1.42 
0.77 
1.17 
0.94 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
35.4 
38.5 
32.2 
34.2 
24.6 
27.9 
23.6 
24.5 
1.8 
28.8 
30.1 
20.5 
25.1 
14.7 
20.5 
11.3 
16.3 
1.8 
— 
— 
103 
32 
650 
393 
5500 
4600 
18.4 
— 
— 
2.00 
0.64 
1.30 
0.78 
1.10 
0.92 
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Cauliflower 0 
50 
500 
5000 
LSD (P = 0.05) 
LSD (P = 0.01) 2.5 2.0 26.2 
Euphorbia tirucalli 
Cabbage 0 
50 
500 
5000 
LSD (P = 0.05) 
LSD (p=o.oiy 
Cauliflower 0 
50 
500 
5000 
LSD (P = 0.05) 
LSD (P = 0.01) 
Each value is an average of 6 replicates. UN = Untreated seeds, TR = Seeds treated with the natural concentra-
tion (S) of latex. R = Reproduction factor. 
seed dressing was statistically significant (Tables 1-2). Our results are similar 
with those of Singh et al., (1980, 1984) who found that the roots of seedlings 
raised from oU-cake coated seeds contained higher phenolic contents which was 
attributed for poor nematode multiplication. 
The effect of the plant latices may be due to direct nematode toxicity of the 
coatings rendering an unfavourable environment around the growing points or 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
UN 
TR 
33.1 
34.3 
30.0 
32.7 
24.4 , 
27.8 
19.8 
21.7 
1.9 
2.1 
33.8 
36.2 
31.0 
34.2 
21.9 
29.0 
20.3 
24.0 
2.2 
2.5 
27.9 
29.2 
24.1 
27.0 
15.4 
19.8 
12.7 
15.8 
1.2 
1.4 
26.7 
28.8 
19.6 
21.3 
12.6 
15.9 
14.5 
16.5 
2.0 
2.3 
— 
— 
90 
50 
710 
460 
5816 
4800 
40.9 
49.7 
— 
103 
0 
653 
500 
5500 
4553 
24.9 
30.3 
— 
— 
1.80 
1.00 
1.42 
0.92 
1.17 
0.96 
— 
2.06 
0.00 
1.30 
1.00 
1.10 
0.91 
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the plants grown from treated seeds acquired some resistanceAolerance against 
the nematode. Alam et al, (1977, 1980) found poor multiplication of T. brassi-
cae on cabbage and cauliflower and reduced root-galling caused by Meloidogyne 
incognita on tomato, eggplant and chilli when the seedlings were raised in soil 
treated with oil-cakes and then transplanted to untreated soil. The present study 
would support that seed dressing with plant latices is inexpensive and pollution-
free and may be useful in developing plant based systemic nematicides. 
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POTENTIAL OF PUNT UTICES AS BOTANICAL NEMATICIDESl A REVIEW 
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Recent r e sea rches have shovm tremendous n e m a t l c i d a l p o t e n t i a l 
i n l a t e x bea r ing p l a n t s . P l a n t l a t i c e s a s such as we l l a s water 
e x t r a c t s of l a t e x bea r ing p l a n t s have been found h igh ly d e l e t e -
r i o u s t o many p l a n t - p a r a s i t i c nematodes. These have a l s o shown 
i n h i b i t o r y e f f e c t on the h a t c h a b i l i t y of nematode • £ £ • • S o i l 
amendment with chopped p a r t s of l a t e x bea r ing p l a n t s has brought 
about s u b s t a n t i a l r e d u c t i o n i n the popu la t i on of p l a n t - p a r a s i t i c 
nematodes accompanied with improvement i n p l a n t growth i n most 
of the c a s e s . Mode of a c t i o n of p l a n t l a t i c e s i s y e t to be 
e x p l o r e d . 
INTRODUCTION 
The r e c e n t awareness about the envi ronmenta l and h e a l t h 
hazards a s s o c i a t e d with nema t i c ida l chemica ls , has given new 
impetus t o the non-chemical c o n t r o l s t r a t e g i e s of p l a n t - p a r a s i t i c 
nematodes. Use of o rgan ic was tes , most ly of p l a n t o r i g i n i s one 
such f i e l d which has shown tremendous p o t e n t i a l i n t h i s r e g a r d . 
P r a c t i c a l l y s c i e n t i s t s have t e s t e d every type of o rgan ic m a t e r i a l 
whatever has been a v a i l a b l e i n b u l k . In some cases s e l e c t i v i t y 
has been shown by these m a t e r i a l s a g a i n s t s p e c i f i c nematodes. 
Latex producing p l a n t s a re known to be impor tan t i n many ways, 
however, t h e i r u t i l i t y v i s - a - v i s p l a n t - p a r a s i t i c nematodes i s 
r a t h e r a r e c e n t development, A mini - rev iew i s be ing given below 
t o ga the r the s c a t t e r e d informat ion on t h i s a s p e c t (iSible 1 ) , 
REVIEW OF LITERATURE 
Haseeb e t al_, (1978) used chopped leaves of C a l o t r o p i s 
p r o c e r a . Fieus e l a s t i c a and Opuntia d i l l e n i i as s o i l amendment 
and found good c o n t r o l of Hoplolaimus i n d i e u s . Ty l e nc hor hvnc hus 
b r a s s i c a e and some o t h e r t y l e n c h i d s i n f e s t i n g e g g p l a n t . Except-
ing 0^ . d i l l e n i i . the t r e a tmen t s improved p l a n t growth, Alam (1986) 
- 1 -
32: 
in a s imi la r study used chopped shoot par ts of £, procera for 
cont ro l l ing Meloidogyne incognita and Tj, brassicae on eggplant . 
Siddiqui ejt al.. (1987) also reported good control of M.incognita 
and Rotylenchulus reniformis on tomato and eggplant, and 
2- brassicae on cabbage and cauliflower with chopped shoot par ts 
of several la tex bearing plants such as Artocarpua heterophyllus. 
Carica papaya. Flcus car ica . F. e l a s t i c a . _F, glome r a t a . Ipomoea 
f i s t u lo sa . Nerlum odorum and ^Dabemaemontana coronar ia . Recently 
Maqbool et, al^. (1987) have a lso found good control of 
M, inco/gnita on tomato and eggplant by using pure la tex of 
C. procera and Euphorbia caducifolia as s o i l t reatment . 
These s tudies were corroborated with the discovery of 
nematicidal nature of leaf ex t r ac t s (Haseeb e^ al^,, 1982, 1984) 
and pure l a t i c e s (Siddiqui et^ aJ^,, 1984; Zurreen & Khan, 1984), 
These plants were a l so found to be inh ib i tory to the l a rva l 
hatching of the root-knot nematode. Meloidogyne spp. 
In te res t ing r e s u l t s were reported by Siddiqui & Alam (l988a, 
b , c ) in a se r i e s of papers regarding the systemic a c t i v i t y of 
p lant l a t i c e s agains t three important nematodes v i z . , M.incognita. 
R. reniformis on tomato, eggplant and okra, and T, brassicae on 
cabbage and caulif lower. Plant l a t i c e s of Calotropis f^igantea. 
2,» procera. Euphorbia m i l i i . E^ , n e r i i f o l i a and E, t i r u c a l l l 
as seed dressing treatment, inh ib i ted the development of the 
above nematodes and consequently improved plant growth. These 
s tudies strongly indicate the presence of some factor which 
are highly act ive aga ins t nematodes even in small quan t i ty . 
However, further inves t iga t ions are necessary to locate and 
i so la ted these f ac to r s . I t i s pe r t inen t to point out t ha t 
these l a t i c e s are r ich in many biological^act ive chemicals such 
as a lka lo ids , e t c . These s tudies may go a long way in developing 
a new range of botanical nematicides for future control 
s t r a t e g i e s , 
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TABLE 1 
Latex bearing plants found effective against p lan t -paras i t i c nematodes. 
Latex bear ing 
p l a n t spec ies 
Artocarpus 
he-teropnvilus 
A, he t e rophvl lus 
A.he terophvl lus 
A. he t e rophvl lus 
Ca lo t rop i s 
Rigantea 
C,Ki>?antea 
C, procera 
C, procera 
C, procer«i 
G, procera 
C. procera 
G. procera 
C. procera 
Caralluma 
edu l i s 
Carica papava 
Nematode 
Hop, Mel, 
Rot,Trh 
Mel 
Mel, Rot 
Trh 
Mel,Rot 
Trh 
Hel.Hop, 
Tyl 
Mel 
Mel 
Mel, Trh 
Aph,Hop, 
Tyl,Trh 
Mel, Rot 
Trh 
Mel 
Hop,Mel, 
Rot,Trh 
Experimental 
condi t ion 
i n v i t r o m o r t a l i t v 
in v i t r o hatching 
s o i l amendment 
with chopped shoot 
p a r t s 
s o i l amendment 
with chopped 
shoot p a r t s 
seed t rea tment 
seed t rea tment 
JLn v i t r o m o r t a l i t y 
in v i t r o ha tch ing / 
m o r t a l i t y 
s o i l amendment 
with pure l a t e x 
s o i l amendment 
with chopped 
shoot p a r t s 
s o i l amendment 
with chopped 
leaves 
seed t rea tment 
seed t rea tment 
in v i t r o 
m o r t a l i t y 
i n v i t r o 
mo 
P lan t host 
-
-
eggplan t , 
tomato 
cabbage, 
cau l i f lower 
eggp lan t , 
okra , tomato 
cabbage, 
cau l i f lower 
-
-
eggp lan t , 
tomato 
eggplant 
eggplant 
eggp lan t , 
okra , 
tomato 
cabbage, 
cau l i f lower 
— 
— 
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Haseeb e^ al^.,198A 
Pfeseeb e t al_.,1984 
S ldd iqu i e ^ a l . , 1 9 8 7 
S idd lqu i e^ a i . , 1 9 8 7 
S idd lqu i & Alam, 
1988a,b 
S idd lqu i & Alam, 
1988c 
S idd lqu i et, a l . , 1 9 8 4 
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Maqbool j t a l . , 1 9 8 7 
Alam, 1986 
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1988a,b 
S idd lqui & Alam, 
1988c 
Zurreen & Khan, 
1984 
Ffaseeb e t a l . , 
1984 
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TABLE 1 (Contd.) 
Latex bear ing 
p l a n t spec ies 
C, papaya 
C, papaya 
C, papaya 
Euphorbia 
caduc i fo l i a 
E . caduc i fo l i a 
E. m i U i 
E. m i l i i 
E. n e r i i f o l i a 
E. n e r i l f o l i a 
E. n e r i i f o l i a 
E. pulcherrima 
E. t i r u c a l l i 
E. t i r u c a l l i 
£ . t i r u c a l l i 
Flcus 
ben/ichalensis 
F. c a r i c a 
F. c a r i c a 
Nema tode 
Mel 
Mel,Rot 
Trh 
Mel 
Mel 
Mel,Rot 
Trh 
Ftel,Hop, 
Tyl 
Mel, Rot 
Trh 
Mel 
!fel,Hop, 
Tyl 
Mel,Rot 
Trh 
Mel 
Hop,Mel, 
Rot,Trh 
Mel 
Experimental 
cond i t ion 
in v i t r o hn tchinf: 
s o i l amendment 
with chopped 
shoot p a r t s 
o o i l amen.'lment 
with chopped 
shoot i)arts 
in v i t r o b i t c h i n g / 
m o r t a l i t y 
s o i l amendinent 
with pure l a t e x 
seed t rea tment 
seed t rea tment 
i n v i t r o m o r t a l i t y 
seed t rea tment 
seed t rea tment 
in v i t r o m o r t a l i t y 
i n y i t r o m o r t a l i t y 
seed t reatment 
seed t rea tment 
i n v i t r o m o r t a l i t y 
in v i t r o m o r t a l i t y 
in v i t r o hatching 
P lan t host 
-
eggplan t , 
tomato 
cabbag'3, 
cau l i f lower 
-
eggplant 
tomato 
eggp lan t , 
okra , tomato 
cabbage, 
cau l i f lower 
-
eggplan t , 
okra , tomato 
cabbage, 
cau l i f lower 
-
— 
eggp lan t , 
okra, tomato 
cabbage, 
cau l i f l ower 
-
-
-
Re f e re nee 
Ifaseeb e t a l . , l 9 8 4 
S iddiqui e t al_.,19a7 
S iddiqui e_t al_.,1987 
Zurreen & Khan, 198^ 
Maqboole_t a l . , 1 9 8 7 
S iddiqui & Aiam, 
1988a,b 
S idd iqui & A.lam, 
1988c 
S idd iqu i e t al_.,1984 
S iddiqui & Alam, 
1988a,b 
S idd iqu i & Alam, 
1988c 
Zurreen & Khan, 198^ 
S iddiqui et . a l . , 1 9 8 4 
S idd iqu i & Alam, 
1988a,b 
S idd iqui & Alam, 
1988c 
Zurreen & Khan,198A 
Ffaseeb e t a l . , l 9 8 4 
Ffaseeb e t al_.,1984 
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TABLE 1 ( C o n t d . ) 
Latex b e a r i n g 
p l a n t s p e c i e s 
F, c a r l e a 
F. c a r i c a 
F, e l a s t i c a 
F, e l a s t i c a 
F, e l a s t i c a 
F. e l a s t i c a 
F. Klomera ta 
F, /^lomerata 
F, Klomera ta 
F. Klomera ta 
F, r e l i K i o s a 
Ipomoea 
f i s t u i o s a 
I . f i s t u i o s a 
I , f i s t u i o s a 
I , f i s t u i o s a 
Nerium indlcum 
Nema tode 
Mel, Rot 
Trh 
Mel 
Mel ,Rot 
Trh 
Aph,Hop, 
T y l , T r h 
Hop,Mel, 
R o t , T r h 
Mel 
Mel, Rot 
Trh 
Mel 
Hop,Mel, 
R o t , T r h 
Mel 
Mel ,Rot 
Trh 
He 1, Hop, 
Tyl 
E x p e r i m e n t a l 
c o n d i t i o n 
s o i l amendment 
w i th chopped 
s h o o t p a r t s 
S o i l amendment 
wi th chopped 
s h o o t p a r t s 
i n v i t r o m o r t a l i t v 
s o i l amendment 
w i th chopped 
s h o o t p a r t s 
s o i l amendment 
wi th chopped 
s h o o t p a r t s 
s o i l amendment 
wi th chopped 
l e a v e s 
i n v i t r o m o r t a l i t y 
i n v i t r o h a t c h i n g 
s o i l amendment 
w i th chopped 
s h o o t p a r t s 
s o i l amendment 
w i t h chopped 
s h o o t p a r t s 
i n v i t r o m o i t a l i t y 
i n v i t r o m o r t a l i t y 
i n v i t r x ) h a t c h i n g 
s o i l amendment 
w i t h chopped 
s h o o t p a r t s 
s o i l amendment 
w i th chopped 
s h o o t p a r t s 
i n v i t r o m o r t a l i t v 
P l a n t h o s t 
e g g p l a n t , 
tomato 
c a b b a g e , 
c a u l i f l o w e r 
-
e g g p l a n t , 
tomato 
c a b b a g e , 
c a u l i f l o w e r 
e g g p l a n t 
-
-
e g g p l a n t , 
tomato 
c a b b a g e , 
c a u l i f l o w e r 
-
y 
-
e g g p l a n t , 
tomato 
c a b b a g e , 
c a u l i f l o w e r 
— 
Re f e re nee 
S i d d i q u i e t a a . , 1 9 8 7 
S i d d i q u i e t . a l . , 1 9 8 7 
Zur raen & Ktian,198/t 
S i d d i q u i e_t a l , , l 9 8 7 
S i d d i q u i e ^ a l , , 1 9 8 7 
Haseeb e t a l . , 1 9 7 8 
Haseeb e ^ a l . , 1 9 8 4 
ffeseeb e t ^ . . , 1 9 8 4 
S i d d i q u i e t a l . , 1 9 8 7 
S i d d i q u i e ^ a i . , 1 9 8 7 
Zur reen & Khan,1984 
m s e e b et_ a ^ . , 1 9 8 4 
Haseeb e t a j . , 1 9 8 4 
S i d d i q u i e t a l _ . , l 9 8 7 
S i d d i q u i e t . a l . . , 1 9 8 7 
S i d d i q u i e t s a . , 1 9 8 A 
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TABLE 1 (Contd . ) 
Latex bear ing 
p l a n t s p e c i e s 
N.lndlcum 
TSvn.N.o leander) 
N.odorum 
N. odorum 
N. odonm 
N, odorum 
Opuntia d i l l e n i i 
0 . d i l l e n i i 
Ped i lan thus 
t ithnrmaloldes 
Plume r l a 
a c u t i f o l i a 
P . o b l o z u t l f o l i a 
Tabe maemontana 
coronar la 
T. coronar la 
T, coronar la 
T, coronar la 
Thevet la 
peruviana 
Nematode 
Mel 
Hop,Mel, 
Rot,Trh 
Mel 
Mel, Rot 
Trh 
Mel, Rot 
Aph, Hop, 
Tyl .Trh 
HBl,Hop, 
Tyl 
Mel 
Mel 
Hop,Mel, 
Rot, Trh 
Mel 
Mel, Rot 
Trh 
Hel.Hop, 
Tyl 
T, peruviana Mel 
T S v n . T . n e r i l f o l i a ) 
Aph " Aphelenchoides absar 
i n d i c u s . Mel • MeloidoKvne 
Tvl - Tvlenchus f l l i f o m i s 
Experimental 
c o n d i t i o n 
i n v i t r o h a t c h i n g / 
m o r t a l i t y 
i n v i t r o m o r t a l i t y 
i n v i t r o hatching 
s o i l amendment 
with chopped 
s h o o t p a r t s 
s o i l amendment 
with chopped 
shoot p a r t s 
i n v i t r o m o r t a l i t y 
s o i l amendment 
wi th chopped 
l e a v e s 
i n v i t r o m o r t a l i t y 
i n v i t r o m o r t a l i t y 
i n v i t r o m o r t a l i t y 
i n v i t r o m o r t a l i t y 
i n v i t r o hatching 
s o i l amendment 
wi th chopped 
shoot p a r t s 
s o i l amendment 
with chopped 
shoot p a r t s 
i n v i t r o m o r t a l i t y 
i n v i t r o m o r t a l i t y 
•1, Hel = H e l i c o t y l e n c 
lncoKnita/M,; lavanlca 
, Trh = Tylenchorhync 
P lant hos t 
-
-
-
e g g p l a n t , 
tomato 
cabbage, 
c a u l i f l o w e r 
-
e g g p l a n t 
— 
— 
-
-
-
e g g p l a n t , 
tomato 
cabbage, 
c a u l i f l o w e r 
•• 
— 
hus i n d i c u s . 
, Rot - RotyQ 
hus b r a s s l c a e 
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EFFICACY OF SEED DRESSING WITH EXTRACTS 
OF NEEM AND PERSIAN LILAC AGAINST 
MELOIDOGYNE INCOGNITA AND ROTYLENCHULUS RENIFORMIS 
by 
M.A. SiDDiQUi and M.M. ALAM 
Root-knot and reniform nematodes are among the major nematode 
pests of vegetables in Northern India. They have been controlled by the 
soil application of various organic amendments including oil-seed cakes 
of neem (margosa) [Azadirachta indica A. Juss.)- Singh et al. (1980) have 
claimed significant reduction of root-knot development on tomato by seed 
dressing with neem cake. In the present study we have tested the feasibility 
of the use of crude extracts of different parts of neem and an allied species, 
Persian lilac (bakain) (Melia azedarach L.) as seed dressings against 
Meloidogyne incognita (Kofoid et White) Chitw. and Rotylenchulus 
reniformis Linford et Oliveira. 
Materials and methods 
Different plant par t s of neem and Persian lilac (leaves, flowers, fruits 
and bark) were thoroughly washed, chopped and 25 g of each comminuted 
in a grinder and then soaked in 75 ml of distilled water for 24 hr. Then, 
after thorough mixing, these were centrifuged, filtered and the extracts 
arbitrari ly termed as s tandard (S). Gum from both the test plants was 
additionally included for comparisons and a 10% (w/v) concentration was 
prepared in distilled water. Seeds of tomato {Lycopersicon esculentum Mill, 
cv. Pusa Ruby), eggplant (Solanum melongena L. cv. Pusa Purple Long) 
and okra [Abelmoschus esculentus (L.) Moench. cv. Pusa Sawani] were 
thoroughly mixed with different extracts to give a uniform and smooth 
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coating over the seeds. The treated seeds were then spread in an enamel 
tray and allowed to dry in the shade before sowing. Excepting okra, the 
treated as well as untreated seeds were then sown in earthern pots 
containing sterilized soil. The pots were watered daily and were kept on 
glasshouse benches (temperature = 28±2°C). 
Three-week old seedlings were transplanted singly in 1 kg sterilized 
soil contained in 15 cm clay pots. After two days the seedlings were 
inoculated with different inoculum levels of the reniform nematode, R. 
reniformis and second stage juveniles of the root-knot nematode, M. 
incognita. In the case of okra, the seeds were directly sown after treatment 
with the extracts and the pots were inoculated when the plants were 3 
weeks old. There were three replicates for each treatment. 
After three months the plants were uprooted and washed. In the case 
of M. incognita - inoculated plants the root-knot development/root-gall 
index, based on visual observations, was rated on a 0-4 scale. The final 
populations in the soil were determined by using Cobb's sieving and 
decanting technique. 
Results and Discussion 
The data presented in Tables I and II clearly indicate that seed dressing 
in water extracts of different plant parts of neem and Persian lilac 
significantly (P = 0.05) reduced the root-knot development caused by M. 
incognita and the population build-up of R. reniformis on tomato, eggplant 
and okra. The effect was more pronounced in the plants raised from seeds 
treated with fruit extracts. Gum was the least effective of the treatments. 
The water extracts of neem were generally more efficacious than those 
of Persian lilac (Tables I and II). 
The effect on the nematodes may have been due to the leaching of the 
seed coatings into the rhizosphere of the plants and thus acting directly 
as a chemical nematicide, or possibly because the plants, grown from 
treated seeds, had acquired some resistance/tolerance against the 
nematodes. The latter view is supported by Alam et al. (1977, 1980) who 
found that there was poor multiplication of Tylenchorhynchus brassicae 
on cabbage and cauliflower and reduced root-galling caused by M. 
incognita on tomato, eggplant and chilli, when the seedlings were raised 
in soil treated with neem cake and then transplanted to untreated soil. 
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Table I - Effect of seed dressing with different extracts of neem and Persian Mat 
on the root-knot development caused by Meloidogyne incognita on tomato, 
eggplant and okra 
Seed Treatment 
Inoculum 
level 
Root knot indices' 
Tomato Eggplant Okra 
CONTROL (Untreated) 
NEEM Leaf 
Flower 
Fruit 
Bark 
Gum 
PERSIAN LILAC Leaf 
Flc 
Fruit 
Bark 
Gum 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
CD (P = 0 05) 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
CD (P=05) 
0 4 
1 7 
3 1 
0 1 
0 9 
2 5 
0 2 
1 0 
2 6 
0 0 
0 7 
2 3 
0 3 
1 1 
2 7 
0 3 
1 3 
2 8 
0 63 
0 2 
1 1 
2 7 
0 3 
1 2 
2 8 
0 1 
1 0 
2 7 
0 3 
1 2 
2 9 
0 3 
1 3 
3 0 
0 56 
0 3 
1 5 
3 0 
0 0 
0 7 
2 4 
0 1 
0 8 
2 5 
0 0 
0 5 
2 1 
0 2 
0 9 
2 6 
0 3 
1 0 
2 8 
0 55 
0 1 
0 9 
2 8 
0 2 
1 0 
2 6 
0 0 
0 8 
2 7 
0 3 
1 1 
2 5 
0 2 
1 2 
2 6 
0 72 
08 • 
2 1 
35 
05 
1 1 
2 1 
06 
1 2 
22 
04 
09 
20 
07 
1 3 
23 
07 
1 4 
25 
0 50 
0 6 
1 2 
2 4 
0 7 
1 3 
2 5 
0 5 
1 0 
2 3 
0 7 
1 4 
2 5 
0 8 
1 6 
2 7 
0 57 
Each value is an average of three replicates 
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Table II - Effect of seed dressing with different extracts of neem and Persian lilac 
on the population of Rotylenchulus reniformis. 
Seed Treatment 
C O N T R O L (Untreated) 
N E E M Leaf 
Flower 
Fruit 
Bark 
Gum 
CD. (P=0.05) 
PERSIAN LILAC Leaf 
Flower 
Fruit 
Bark 
Gum 
CD. (P=0.05) 
Inoculum 
level 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
50 
500 
5000 
Nematoc 
on 
Tomato 
130 (2.6p 
760(1.5) 
6340(1.3) 
25 (0.5) 
240 (0.5) 
4020 (0.8) 
40 (0.8) 
270 (0.5) 
4480 (0.8) 
20 (0.4) 
210 (0.4) 
3980 (0.8) 
10 (0.2) 
398 (0.6) 
4120(0.8) 
60(1.2) 
300 (0.6) 
4260 (0.9) 
67.22 
40 (0.8) 
270 (0.5) 
4110(0.8) 
30 (0.6) 
280 (0.6) 
4150(0.8) 
20 (0.4) 
250 (0.5) 
3910 (0.8) 
40 (0.8) 
300 (0.6) 
4190 (0,8) 
30 (0.6) 
440 (0.9) 
4380 (0.9) 
62.71 
e populations per pot 
different hosts' 
Eggplant 
110(2.2) 
720 (1.4) 
6110(1.2) 
20 (0.4) 
230 (0.5) 
3830 (0.7) 
10 (0.2) 
240 (0.5) 
3910 (0.8) 
- (0.0) 
200 (0.4) 
3750 (0.8) 
- (0.0) 
250 (0.5) 
3940 (0.8) 
50(1.0) 
310(0.6) 
4150 (0.8) 
65.78 
25 (0.5) 
250 (0.5) 
4040 (0.8) 
25 (0.5) 
260 (0.5) 
4090 (0.8) 
20 (0.4) 
240 (0.5) 
3830 (0.8) 
40 (0.8) 
270 (0.5) 
4140 (0.8) 
40 (0.8) 
310 (0.6) 
4250 (0.9) 
68.33 
Okra 
120 (2.4) 
950 (1.9) 
8340(1.7) 
35 (0.7) 
450 (0.9) 
4000 (0.8) 
20 (0.4) 
460 (0.9) 
4100 (0.8) 
30 (0.6) 
360 (0.7) 
3870 (0.8) 
35 (0.7) 
470 (0.9) 
4160(0.8) 
50(1.0) 
480(1.0) 
4270 (0.9) 
71.20 
30 (0.6) 
290 (0.6) 
4020 (0.8) 
40 (0.8) 
300 (0.6) 
4120 (0.8) 
30 (0.6) 
310(0.6) 
4110(0.8) 
30 (0.6) 
350 (0.7) 
4210 (0.8) 
50 (0.0) 
450 (0.9) 
4280 (0.9) 
64.40 
' Each value is an average of three replicates. 
Pf 
^ The reproduction factor (R = ) of the nematodes is given in parenthesis. 
Pi 
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Keywords : Seed t r e u t t n e n t , . IZTI i r.if h t i n , c o n t r o l . He 1 oi doy.yni- i n c o g n i t a 
I n t r o d u c t ion 
The r o o t - k n o t nematode , Mi-1 oi dnuyni' Mico^ni ta (Kofoid & Wtiiti-) Cliitwood 
i s a s e r i o u s nematode p e s t of a wide r an^e of c r o p s th rou( ;h"u i the t r o p i c s and 
s u b - t r o p i c s . I t has been s u c c e s s f u l l y c o n t r o l l e d by v a r i o u s or>;anic s o i l -
amendracnts i n c l u d i n g o i l s e e d cakes of [leem/ma rgosa (Azad i rac l i l a i n d i c a A. 
J u s s ) . S ingh e t a 1. ( I , 2) r e p o r t e d t he e f f i c a c y of t h i s cake as a seed 
t r e a t m e n t . In t he p r e s e n t i iives t i ca t i on we have examiniid azad i r a ch t in , a 
t r i t e r p e n o i d from neem, for use as u seeil t r e a t m e n t wi th the i n t e n t i o n of 
l o c a t i n g Che a c t i v e component of tlie o i l s e e d c a k e . 
Methods 
Azadirachtin (I R ) was 
furtlier diluted I: 100 
azadirachtin/litre was 
Mill. ) cv. Pusa Kuby, 
to okra (Abelmoschus e 
dissolved in ^O"/ alcohol (10 ml) and the solution 
by addinj', •listilled water. This liquid containing 1 g 
applieil to the s(M<ds of tomato (Lycojirrs i con esculentuir 
sticker. The treated 
dry in the shade befor 
untreated seeds were t 
were transplanted sing 
soil and inoculated wi 
50, 500 and 5000 neraat 
sown directly into pot 
inoculated similarly, 
were removed 2 mouths 
determined. The root-
Sasser (3). 
eggplant (Soianum meiongena L.) cv. I'usa I'urple Long and 
scnlentus Moench) cv. Pusa Sawani usinr, gum as a 
seeds were then spread in an enamel tray and,allowed to 
e sowin)',. For tomato and eggplant, the trc.'ated and tlie 
hen sown in sti'rilised pots. After 3 wk the secdlin);s 
ly into 1') cm clay pots containing 1 k c, of autoclaved 
th different levels of the root-Knot nematode, namely 
odes per plant. In the case of okra, tlie seeds were 
coiita i n i n,', autoclaved soil and they w r e then 
Each tre.itmiiu was ri'plicaCed f i V(} t i ni. s . The plants 
after inorulitinn, washed and their weij;lits and lengths 
knot index was then assessed as described by Taylor & 
Resu 11s and 0iscuss ion 
All three test plants were highly susceptible to M. incognit.i. The 
application of azadirachtin to the seed significantly reduced the root-knot 
development and correspond i nj; 1 y improved plant growtli (Table 1). 
Azadirachtin appeared to h.ivi' influen('e<l tlie metabolism of th.' )'erminating 
seeds rendering the seedlings uuI avourabIe for nematode multiplication as well 
as stimulating plant growth. 
In general our results have s>ipported the findiixgs of Singh it a 1 . (I, 2 ) , 
but further biochemical and phys i o I o)'i ca I investigations will be necessary. 
The present study may nevertheless havi' aided the evolution of .ni effective 
plant-based nematicide. 
3 4 U 
0. 
0, 
1. 
0, 
15 
,10 
,40 
.7^ 
Table I. Effect of seed creatmeni: with azadirachtin on root-knot 
development on, and Rrowch of, tomato, eggplant and okra. 
Inoculum Trent- LcMiyth (cm) McighC (R) , Root-knot 
I'lant level ment Shoot Koot I'otiil Shoot Koot Total index 
Tomato 0 U 24.4 U.l 37.5 16.0 9.0 25.0 
T 2 7.0 15.3 42.3 17.5 11.3 28.8 
50 U 21.0 10.0 31.0 12.3 6.7 19.0 0.20 
T 2 3.3 13.5 36.8 14.0 7.0 21.0 0.10 
500 U 18.3 9,0 27.3 9.1 4,6 13.7 1.50 
T 19.1 9.H 28.9 10.3 5.0 15.3 0.80 
5Q00 U 13.0 9,0 22.0 6,4 4,0 10,4 5.00 
T 15.6 11.6 27,2 8.0 4.7 12.7 3.20 
C D . (P = 0.05) 3.62 3. 10 0.28 
(£ = O.Ol) 5.03 4.30 0.40 
Eggplant 0 U 20.3 13.0 33.3 15.0 8.6 23.6 
T 2 3.4 15.0 38.4 16.9 U.O 2 7.9 
50 U 18.3 9.0 2 7.3 12.0 6.0 18.0 
T 19.0 10.4 29.4 13.3 7.8 2 1.1 
500 U 15.4 7.6 2 3.0 7.4 3.1 10.5 
T 16.5 8.0 24.5 9.0 4,5 11.5 
5000 U 10.1 7.4 17.5 5.7 2.8 8.5 5.00 
T 14.4 6.0 2 0.4 8.4 2.0 10.4 3.00 
C.I). (£ = 0.05) 3.81 ). 56 0.23 
(£ = 0.01) 5.29 4.95 0.32 
Okra 0 U 6 3.0 15.1 78.1 18.0 13.5 )1.5 
T 65.8 18.7 84.5 22.1 15.0 37.1 
50 U hO.l 14.2 /4.3 15.6 12.0 2 7.6 0.20 
T t)4.4 2 0.1) 8 5.0 19.3 13.0 3 2.3 0.15 
500 U 54.4 22.3 76.7 18.5 12.0 30.5 1.30 
T 58.1 2 5.6 83.7 21.2 15.4 36.6 0.80 
5000 U 41.0 18.0 59.0 13.3 5.0' 18.3 5.00 
T 44.4 22.0 66.4 15.8 7.0 22.8 3.25 
C D . (P = 0.05) 6.20 5. 12 0.40 
(P = 0.01) 8.«J0 7.11 0.57 
U = Untreated seeds; T •= Trf.ittjd s(.• oli.s . 
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Introduction 
Oil seed cake prepared from ni'cni (Azadlrachta indlca J. Juss.) can 
effectively control root-knot, nematodes (Meloidogyne spp.)- In an earlier 
study we examined azadlrachlin, a triterpenoid from neem, as a seed 
treatment against Meloidogyne incognita (Kofoid & White) Chitwood with the 
view of locating the active component of neem calce> The triterpenoid was 
found to be quite efficacious ajjainst the root-knot nematode. This study 
h;!S been extended to the reniform nematode, Rotylenchulus renlformls Linford 
h Ollveira. The results arc reported here. 
Materials and Methods 
Azadlrachtln (1 g) was dissolved in 10 ml of 90% alcohol and the solution 
further diluted by 1:100 with distilled water. It was then applied to the 
seeds of tomato (Lycopersicon esculentum Mill.) cv. Pusa Ruby, eggplant 
(Solanum melongena L.) cv. Pusa Purple Long and okra (Abelmoschus esculentus 
Moench) cv. Pusa Sawanl using gum as sticker. After treatment the seeds 
were spread in an enamel tray and alloved to air-dry In the shade before 
sowing. In the case of tomato and eggplant, the treated and the untreated 
seeds were sown in sterilised pots. After 3 wk the seedlings were 
transplanted singly into 15 cm clay pots containing 1 kg of autoclaved soil 
and inoculated with freshly isolated specimens of the reniform nematode at 
50, 500 or 5000 nematodes per plant. For okra, the seeds were sown directly 
into the pots and after 3 wk they were Inoculated similarly. Each treatment 
wrs- replicated five times. The plants were removed 2 months after 
Inoculation, washed and their growth (weight and lengths) deterrained. The 
final population of the reniform nematode was determined with the help of 
Cobb's sieving and decanting method along with modified Baermann funnel 
technique (3). A reproduction factor (R) was calculated by dividing the 
final population (Pf) by the initial population (Pi) (Oostenbrink, I). 
Results and Discussion 
The test plants were highly susceptible to R. renlformls as indicated by the 
reproduction factor (R) in untreated checks. The application cf 
.i7.ndiraclitin to the seed significantly reduced the population of the 
nematode and as a consequence plant growth was improved (Table 1). 
Ttie effect of azadirachtin may be due to the direct nematode toxicity of the 
seed coatings causing unfavourable environment for nematode activity or 
possibly by plants grown from coated seeds acquiring resistance or tolerance 
to the nematode. Azadirachtin might have influenced the raetabolism of the 
germinating seeds rendering flu- seedlings unfavourable for nematode 
riu 11 iplicat ion (2) as well as stimulating plant growth. These results may 
1)'- useful in developing an .•ItiTtive plant-based nemattcide. 
4 
Table 
InocL 
• 1. 
ilum 
Nematodes 
/plant 
TiimnLo 
(7~ 
TO 
"^W 
3 0(JU 
'•. I). (P=0, 
(£=0 
Egj'plant 
0 
iO 
500 
5000 
Effect of 
renlform 
Treat-
ments 
U 
T 
U 
T 
U 
T 
U 
T 
.05) 
.01) 
U 
T 
U 
T 
U 
T 
U 
T 
seed treatment with azadirac 
nematode and plant growth of 
Length (cm) 
Shoot Root 
2 7.3 15.0 
29.A If,.: 
2-4.6 11.f) 
27.0 12.5 
20.1 9.0 
2 3.0 11.6 
14.1 10.3 
16.0 10.9 
2 3.0 12.0 
24.1 13.9 
21.0 11.3 
23.2 12.0 
17.3 8.2 
19.A 9.0 
10.0 4.8 
12.5 7.0 
Total 
42.3 
45.6 
35.6 
39.5 
29.3 
34.6 
24.4 
26.9 
2.8 
3.9 
35.0 
38.0 
32.3 
35.2 
25.5 
28.4 
14.8 
19.5 
htln on 
tomato, 
Weight (g 
Shoot 
14.0 
15.8 
11.0 
12.4 
9.0 
11.9 
7.0 
8.4 
15.2 
16.3 
14.0 
15.9 
8.0 
10.2 
5.5 
7.7 
Root 
8.3 
10.0 
5.2 
7.2 
4.0 
5.6 
3.1 
4.0 
9.1 
10.0 
9.0 
10.0 
3.7 
4.0 
2.6 
3.0 
populations of the 
eggplant and okra. 
) 
Total 
22.3 
25.8 
16.2 
19.4 
13.0 
17.5 
10.1 
12.4 
3.4 
4.8 
24.3 
26.3 
23.0 
25.9 
11.7 
14.2 
8.1 
10.7 
Final 
popu-
lation 
-
100 
10 
730 
320 
6340 
3900 
69.8 
99.2 
-
90 
5 
640 
300 
6100 
3710 
R 
-
2.0 
0.2 
1.46 
0.64 
1.27 
0.78 
-
1.80 
0.10 
1.28 
0.60 
1.22 
0.74 
C.D.(P^=0.05) 3.8 4.3 54.5 
(£-0.01) 5.3 6.0 77.5 
Okra 
0 
50 
500 
5000 
C.1).(P-
(£= 
=0, 
=0. 
.05) 
.01) 
U 
T 
U 
T 
U 
T 
U 
T 
62.1 
64.4 
58.0 
61.5 
52.1 
55.4 
39.0 
41.3 
14.2 
17.9 
13.0 
18.6 
16.6 
21.2 
16.6 
20.5 
76.3 
82.3 
71.0 
80.1 
68.7 
76.6 
55.6 
61.8 
2.7 
3.7 
25.3 
29.6 
21.0 
25.8 
16.2 
20.3 
9.9 
11.3 
16.6 
18.9 
13.7 
16.8 
10.4 
6.7 
4.9 
5.8 
41.9 
48.5 
34.7 
42.6 
26.6 
27.0 
14.8 
17.1 
5.4 
7.4 
-
-
100 
15 
960 
370 
6350 
3330 
64.9 
92.3 
-
-
2.00 
0.30 
1.92 
0.74 
1.27 
0.67 
U = Untreated seeds, T = Treated seeds, R = Reproduction factor 
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SEED TREATMENT WITH AZADIRACHTIN FOR THE CONTROL OF THE STUNT NEMATODE 
ATTACKING CABBAGE AND CAULIFLOWER 
Mansoor A. Slddiqul and M. Mashkoor Alam 
Department of Botany, Allgarh Muslim University, Allgarh-202002, India. 
Keywords: Seed troiitraent, azadirachcin, control, Tylenchorhynchus 
brasslcae, cabbage, cauliflower. 
Introduction 
The stunt netnatode, Tylenchorhynchus brasslcae Siddiqul, is one of the most 
pervasive and damaging nematode pests of cruciferous plants. It is 
wldespre.id in India, mainly attacking cabbage and cauliflower (3). It was 
therefore considered necessary to investigate whether a seed treatment using 
azaJirachtin, a triterpene component of neera which is inexpensive and 
readily aviliable, would be effective against this nematode. 
Methods 
Seeds of cabbage (Brassica oleracea capitata L.) cv. Pride of India and 
cauliflower (Brasslcae oleracea botrytis L.) cv. Maghl were thoroughly mixed 
with a s'lution of azadlrachtin which was prepared by dissolving 1 g in 
10 ml of 907. alcohol and then diluting further by 1:100 with distilled 
water. The seeds were evenly coated using gum arabica at 5 g /lOO ml 
solution as a sticker. The treated (T) and untreated (U) seeds were then 
sown in sterilised soil and after 3 wk the seedlings were transplanted 
singly to 15 era diara. clay pots containing 1 kg sterilised soil. The pots 
were then inoculated with 50, 500, or 5000 freshly isolated T. brasslcae. 
Each treatment was replicated five times. After 2 months the planes were 
uprooted, washed and the lengths and weights of shoots and roots determined. 
The final nematode populations were assessed using Cobb's decanting and 
sieving methods (^). Reproduction factors were calculated by dividing the 
final population (p,) by the initial population (p.) as suggested by 
Oostenbrink (1 ). 
Results and Discussion 
The results showed clearly the destructive potential of T. brasslcae 
(Table 1). Both cultivars of cabbage and cauliflower were highly 
susceptible to the nematode. There was a marked reduction in the growth of 
the plants In untreated nematode-inoculated pots and it decreased with 
increasing initial inoculum levels. However, the plants raised from 
azadirachtin-treated seeds inhibited the build-up of the nematode 
populations and in consequence growth was Improved overall. The seed 
treatment did not, however, eliminate the nematode populations. 
The plants raised from azadirachtin-treated seed appeared to have acquired 
some resistance or tolerance to the stunt nematode, confirming and extending 
the results of our earlier study (2). 
'4^ 
Table 1. Effects of seed treatment with azadlrachcln on populations of 
stunt nematode and the growth of cabbage and cauliflower plants. 
(T " treated seed; U - untreated seed). 
Initial 
Inoculum 
(No/plant) 
Cabbage 
0 
50 
500 
5000 
Coeff. of 
Cauliflower 
0 
50 
500 
5000 
Coeff. of d 
References 
1. Oostenbr 
3-A6. 
2. Slddiqui 
Cultivars 
Treal 
menl 
U 
T 
U 
T 
U 
T 
U 
T 
dev' 1 
U 
T 
U 
T 
U 
T 
U 
T 
ev'n 
ink, 
, M. 
i No. 
t- Length (cri 
t Shoot 
19.4 
21.7 
17.7 
18.6 
14.2 
16.8 
10.3 
12.9 
Root 
15.3 
18.5 
14.0 
17.8 
12.7 
14.3 
9.4 
10.0 
n (P - 0.05) 
(P - 0.01) 
23.3 16.0 
24.7 18.0 
22.6 
23.7 
19.0 
20.7 
13.8 
15.3 
15.5 
16.0 
14.0 
15.9 
11.2 
12.7 
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34.7 
40.2 
31.7 
36.4 
26.9 
31.1 
19.7 
22.9 
2.36 
3.27 
39.3 
42.7 
38.1 
39.7 
33.0 
36.6 
25.0 
28.0 
2.96 
4.10 
Uel 
Shoot 
36.3 
38.7 
34.4 
35.7 
30.7 
3''.H 
25.7 
28.3 
42.4 
44.6 
38.3 
40.0 
35.8 
37.3 
30.0 
32.4 
ghts ( 
Root 
13.8 
15.0 
11.2 
12.4 
9.6 
10.3 
6.0 
7.5 
10.0 
11,7 
8.9 
9.7 
7.4 
8.4 
7.1 
8,2 
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50.1 
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40.3 
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CONTROL OF ROOT-KNOT, RKNIFORM AND STUNT NEMATODES BY NIMBIM 
SEED DRESSING 
MANSOOR A- SIDDIQUI & M. MASHKOOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India 
The application of nimbin as seed dressing 
significantly reduced the root-knot development/nematode 
population, with a consequent improvement in plant growth at 
all levels of nematode inoculum on tomato, eggplant, okra 
attacked by Meloidogyne incogri ita and Rotylenchulus 
ren if or mis and on cabbage and cauliflower attacked by 
Tylerichor hyTichus br ass icae . 
INTRODDCTION 
Neem/margosa {A.,;aJi t ^,-:Jita mdica A. Juss.) is well 
known for its nematicidal properties. Its various plant 
parts and seed-cake have been used as soil amendment against 
nematodes. Singh et a/ . (1980) used neem cake as a seed 
dressing and obtained good control of root-knot nematode. 
Siddiqui &. Alam (1983, 1989 a.b) later found that 
azadirachtin, a triterpenoid from neem was one of the active 
components of the oil-seed cake when used for seed 
dressing. In the present study we have examined the efficacy 
of another triterpenoid from neem, nimbin, as a seed 
treatment against the root-knot nematode, Meloidogyne 
incogri ita (Kofoid & White) Chitwood, the reniform nematode, 
Rotylenchulus reniformis Linford & Oliveira and the stunt 
nematode, Tylenchorhynchus br ass icae Siddiqi. 
MATERIALS & METBODS 
One greun nimbin was dissolved in 10 ml of 90% alcohol 
and the solution was further diluted 1:100 with distilled 
-1-
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water. Gum arabica at 5 g in 100 ml solution was added to 
serve as a sticker. Seeds of tomato {Lycopersicon esculentum 
Mill.) cv. 'Pusa Ruby', eggplant {SoJanum •elongitTia L. ) cv. 
'Pusa Purple Long', okra {Abelmoschus esculeritus Moench. ) 
cv. 'Pusa Sawani' , cabbage {Brassica olermcea capitata L. ) 
cv. 'Pride of India' and cauliflower (Brassica oleracea 
botrytis L.) CV. 'Maghi' were treated with this solution. 
The treated seeds were then air dried before sowing. 
Excepting okra, treated and untreated seeds were sown in 
pots containing autoclaved soil. Three weeks after 
germination, the seedlings were transplanted singly to 15 cm 
clay pots containing 1 kg autoclaved soil and the pots were 
then inoculated with different inocula of the nematodes (see 
Tables). In case of okra, treated as well as untreated seeds 
were sown directly and the plants were inoculated three 
weeks after germination. Each treatment was replicated five 
times. After two months, the plants were uprooted, washed 
and their lengths and weights determined. For H. incognita -
- inoculated plants the root-knot index was determined on a 
0-5 scale of Taylor & Sasser (Sasser et a7.,1984). The final 
soil populations of /?- rsniformis and T- brarsicae were 
determined by using Cobb's sieving and decanting and 
modified Baermann funnel techniques (Southey, 1986). Data 
were statistically analysed for critical difference (CD.) 
at P-0.0b and P-0.01 (Panse & Sukhatme, 1978). 
RESULTS & DISCUSSION 
The growth of tomato, eggplant and okra was reduced by 
root-knot and reniform nematodes (Tables 1, 2) and cabbage 
and cauliflower by stunt nematode (Table 3). The reduction 
-2-
TABLE 1 
Effect of seed treatMent ttith niabin on root-knot developntnt and 
plant groMth of tonato, eggplant and okra. 
Inoculum Treat- Length (cft) Height <g) Root-knot 
level (tent Index 
Shoot Root Total Shoot Root Total 
Toaato 
0 
50 
500 
5000 
CD. 
Eggpl 
0 
50 
500 
5000 
CD. 1 
( 
ig^9 
(f=0 
ant 
[1P=0. 
[f=0. 
U 
T 
U 
T 
U 
T 
U 
T 
.05) 
.01) 
U 
T 
U 
T 
U 
T 
U 
T 
05) 
ID 
28.0 
30.0 
27.3 
28.6 
21.6 
22.6 
19.0 
21.0 
25.2 
26.7 
22.1 
25.7 
19.0 
21.5 
13.0 
14.0 
13.0 
16.1 
12.8 
13.0 
12.6 
13.1 
12.0 
12.5 
13.1 
15.0 
12.0 
12.7 
9.4 
10.7 
6.5 
7.0 
41.0 
46.1 
40.1 
41.6 
34.2 
35.7 
31.0 
33.5 
3.98 
5.54 
38.3 
41.7 
34.1 
38.4 
29.4 
32.2 
19.5 
21.0 
5.36 
7.44 
6.0 
8.1 
5.1 
6.9 
4.7 
5.5 
4.2 
5.0 
14.0 
14.1 
13.3 
16.0 
9.3 
10.0 
7.0 
7.5 
4.5 
4.8 
4.0 
5.1 
3.2 
3.6 
2.3 
2.5 
8.0 
9.3 
7.1 
9.2 
5.0 
5.1 
4.5 
6.2 
10.5 
12.9 
9.1 
12.0 
7.9 
9.1 
6.5 
7.5 
3.17 
4.41 
22.0 
23.4 
20.4 
25.2 
14.3 
15.1 
11.5 
13.7 
5.79 
8.14 
-
-
0.25 
-
1.50 
0.90 
5.00 
2.30 
0.49 
0.69 
-
-
0.10 
-
1.01 
0.80 
5.00 
2.60 
0.76 
1.0B 
Okra 
64.0 17.3 81.3 20.1 13.3 33.4 
50 
500 
5000 
CD. (IP>0, 
(l>-0 
T 
U 
T 
U 
T 
U 
T 
.05) 
.01) 
66.3 
61.2 
65.0 
51.3 
55.3 
38.3 
41.0 
17.5 
18.3 
18.4 
21.2 
24.6 
17.2 
20.0 
83.8 
79.5 
83.4 
72.5 
79.9 
55.5 
61.0 
4.51 
6.25 
23.2 
19.1 
21.5 
16.0 
20.1 
12.0 
16.0 
14.4 
12.0 
13.8 
11.0 
14.4 
4.1 
6.0 
37.6 
31.0 
35.3 
27.0 
34.5 
16.1 
22.0 
3.17 
4.41 
-
e.s0 
-
1.00 
0.40 
5.00 
2.01 
1.56 
0.79 
U - Untreated seed, T - Treated seeds. 
Values are aean of 5 replicates. 
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TABLE 2 
E^^ect of 5eed treataent with niitbin on the population of r e n i f o m 
ne«atode and plant groHth of tontato, eggplant and okra. 
Inoculum Tredt- Length <ctfi) Height (g) Final 
level ment population 
Shoot Root Total Shoot Root Total 
Toiiato 
0 
50 
580 
5008 
C D . 
Eggpl 
0 
50 
500 
S000 
CD. > 
>F=0 
(f=« 
ant 
(.f=0. 
(iP=0. 
U 
T 
LI 
T 
U 
T 
U 
T 
.05) 
.01) 
U 
T 
U 
T 
U 
T 
U 
T 
05) 
01) 
22.0 
24.0 
20.5 
23.4 
15.0 
17.0 
10.3 
12.6 
22.0 
24.£> 
19.0 
20.2 
14.4 
17.2 
12.3 
13.7 
12.3 
13.6 
11.4 
12,0 
3.7 
9.9 
6.0 
7.0 
15.0 
16.3 
12.0 
14.0 
12.0 
14.5 
9.2 
11.2 
34.3 
37.6 
31.9 
35.4 
23.7 
26.0 
16.3 
i^.6 
3.56 
4.94 
37.0 
40.9 
31.9 
34.2 
26.4 
31.7 
21.5 
24.9 
4.55 
6.31 
16.3 
18.0 
15.5 
16.0 
10.3 
13.6 
7.0 
8.4 
18.0 
20.3 
17.3 
19.0 
12.0 
15.6 
7.6 
9.1 
11.0 
11.5 
10.3 
11.3 
8.0 
8.8 
4.0 
6.0 
14.0 
15.5 
12.3 
14.0 
8.1 
18.2 
7.0 
8,2 
27.3 
29.5 
25.8 
27.3 
18.3 
22.4 
11.0 
14.4 
3.17 
4.41 
32.0 
35.8 
29.6 
33.0 
20.1 
25.8 
14.6 
17.3 
3.71 
5. 15 
-
-
110 
20 
850 
340 
6430 
4360 
73.88 
105.08 
-
-
70 
-
800 
190 
5803 
4255 
83.17 
118.30 
Okra 
0 
50 
500 
5000 
CD. ilP=9 
•^0 
U 
T 
U 
T 
U 
T 
U 
T 
.05) 
.01) 
69.3 
75.5 
60.3 
68.0 
46.0 
53.9 
28.0 
34.5 
18.4 
23.0 
17.2 
23.0 
14.4 
25.0 
11.5 
19,3 
87.7 
98.5 
77.5 
91.0 
60.4 
78.9 
39.5 
53.8 
6. 64 
^.22 
23.4 
30.0 
21.4 
28.3 
17.0 
21.4 
10.0 
15.0 
12.3 
16.0 
12.0 
17.0 
11.3 
14.0 
7.3 
10.3 
35.7 
46.0 
33. 4 
45.3 
28.3 
35.4 
17.3 
25.3 
5.01 
6.96 
-
-
101 
20 
1100 
410 
8750 
4000 
75.75 
107.74 
U = Untreated seed, T = Treated seeds-
Values are mean of 5 replicates. 
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TABLE 3 
Effect of seed treatment Hith niMbin on the population of itunt 
neMatode and plant groMth of cabbage and cauliflOMer. 
Inoculum Treat- Length <cm) Weight (g) Final 
level ment population 
Shoot Root Total Shoot Root Total 
Cabbage 
0 U 17.3 14.2 31.5 33,2 12.0 45.2 
T 19.5 17.0 36.5 36.9 13.5 50.4 
50 U 16.9 13.1 30.0 33.0 10.0 43.0 120 
T 17.0 15.0 32.0 35.0 11.0 46.0 40 
500 U 13.0 11.0 24.0 29.1 8.7 37.8 750 
T 14.0 13.0 27.0 32.6 9.3 41.9 370 
5000 U 9.1 8.5 17.6 23.8 5.5 29.3 6410 
T 11.2 8.5 19.7 26.2 7.0 33.2 4250 
C D . iF=0.05) 2.83 2.86 70.58 
(IP=0.0I) 3.92 3.97 100.39 
Cauliflower 
0 U 22.1 14.0 36.1 40.2 9.7 49.9 
T 23.3 17.0 40.3 42.8 18.3 53.1 
50 U 21.7 14.8 36.5 37.2 7.5 44.7 125 
T 22.9 15.0 37.9 38.0 9.8 47.0 58 
500 U 18.0 13.5 31.5 33.9 7.0 40.9 778 
T 19.9 14.3 34.2 36.2 8.1 44.3 415 
5800 U 12.0 10.0 22.0 28.2 7.0 35.2 6898 
T 15.0 11.3 26.3 30.3 8,1 38.4 4608 
C D . (ff'=0.05) 3.62 3.09 77,26 
((P=0.01) 5.03 4.28 109.90 
U = Untreated seed, T = Treated seeds 
Values are mean of 5 replicates. 
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in plant growth was more pronounced with increasing inocula. 
The growth of plants raised from seeds treated with nimbin 
and inoculated with 500 or 5000 nematodes was higher than 
those raised from untreated seeds and inoculated with t,he 
nematodes. There was no reduction in growth at the lowest 
inoculum level, i.e., 50 nematodes/plant (Tables 1-3). 
The results indicate that nimbin, similarly as in the 
case of azadirachtin (Siddiqui &. Alam, 1989 a,b), gave full 
protection against the test nematodes. The nematode species 
represent three different modes of feeding, viz., M. 
iTicognita is an endoparasitic species, R. reni-formis is a 
semi-endoparasitic species while T. brassicae is an 
ectoparasitic species and thus nimbin has a broad spectrum 
of efficacy against nematodes. 
Reduction in nematodes numbers and corresponding 
improvement in plant growth have been obtained by seed 
treatment with different oil-cakes (Singh et aJ . , 1980) or 
with different extracts of neem and a close relative Persian 
lilac, Melia azedarach L. (Siddiqui & Alam, 1987), 
Triterpenoids present in the treatments may have been the 
active principle involved in nematode control. 
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CONTROL OF STUNT NEMATODE BY BARE-ROOT DIP IN LEAF 
EXTRACTS OF MARGOSA AND PERSIAN LILAC 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India 
Abstraa 
Baie-ioot dip of cabbage and cauliflower in leaf extracts of mu^oajiuem and a related species 
Persian lilac/faaJtain caused significant reduction in the population build-up of Tylenchorhyncus brassi-
cae. The population of stunt nematode gradually decreased with an increase in concentration of the ex-
tracts and (he dip duration. The nematode also retarded water absoiption efficiency of roots, but im-
provement in plant growth due to various dip treatments caused an increase in water absorption effi-
ciency. 
Cabbage and cauliflower are two important vegetable crops. They suffer 
severely from a nematode disease caused by the stunt nematode, Ty-
lenchorhynchus brassicae Siddiqi, which is becoming a serious pest prob-
lem in Northern India (Siddiqui, 1969). It is well recognized that the incor-
poration of various kinds of organic wastes to soil has promising effect in 
nematode control (Muller & Gooch, 1982), but usually large quantities are 
required in such treatments. Organic additives are reported to induce plant 
resistance against nematodes (Van derLaan, 1956; Alam etal, 1977, 1980). 
In an earlier study (Siddiqui & Alam, 1988a), we observed the potential of 
leaf extracts of margosa/necm (Azadirachta indica A. Juss.) and Persian 
lHac/bakain (Melia azedarach L.) as bare-root dip treatment against the root-
knot nematode, Meloidogyne incognita (Kofoid & White) Chitwood, a sed-
entary endoparasite and the renifonm nematode, Rotylenchulus reniformis 
Linford & Oliveira, a semi-endoparasite. The present study describes the ef-
fect of margosa and Persian lilac against the stunt nematode, Tylenchorhyn-
chus brassicae Siddiqi, an ectoparasite, which is causing concern in the cul-
tivation of cabbage and cauliflower. 
Materials and Methods 
Fresh leaves of neem and Persian lilac were thoroughly washed, 
chopped and 25g of each were macerated separately in a grinder with 75 ml 
of distilled water. These were then centrifuged and filtered and the extracts 
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Table 1. Effect of bare-root dip treatment in the leaf extracts of 
margosa/ncfffi on the population of stunt nematode, Tylenchorhynchus 
brassicae and plant growth of cabbage cv. 'Maghi' and cauliflower cv.' 
Pride of India' (mean of six replicates). 
Dip Treatment 
Duration 
Cabbage 
20 
40 
80 
Cone. 
S 
S/2 
S/10 
s 
s/2 
S/10 
S 
S/2 
S/10 
Undipped-Inoculated 
Weight (g) . 
Shoot 
23.4 
19.5 
15.2 
25.5 
22.0 
19.8 
28.5 
22.0 
20.4 
17.3 
Undippcd-Uninoculated 31.6 
CD. (P=0.05) 
C.D.(P=0.01) 
Cauliflower 
20 
40 
80 
Undippcd-
S 
S/2 
S/10 
S 
S/2 
S/10 
S 
S/2 
S/10 
Inoculated 
24.6 
22.5 
19.9 
28.6 
23.7 
20.2 
32.0 
25.0 
21.6 
18.5 
Undipped-Uninoculaied 34.4 
CD. (/'=0.05) 
C.D.(/'=0.01) 
Figures in pa rcnthcses are % rcductior 
Root 
10.0 
8.3 
5.7 
6.8 
7.3 
7.0 
11.0 
10.0 
10.5 
10.8 
14.0 
10.4 
9.0 
7.0 
11.2 
8.0 
7.5 
16.8 
13.6 
12.3 
10.3 
13.0 
1 over un( 
Total 
33.4 
27.8 
20.9 
32.3 
29.3 
26.8 
39.5 
32.0 
30.9 
28.1 
45.6 
2.4 
3.3 
3S.0 
31.5 
26.9 
39.8 
31.7 
27.7 
48.8 
38.6 
33.9 
28.8 
47.4 
4.5 
6.1 
Final 
popu- ] 
lation 
per pot 
1790 
1850 
2120 
1600 
1750 
1880 
1000 
1510 
1600 
2640 
-
28.9 
39.6 
1710 
1780 
2000 
1450 
1680 
1960 
970 
1290 
1530 
2500 
-
32.0 
43.8 
lippcd-uninoculatcd control. R 
=^4 Pi 
1.79 
1.85 
2.12 
1.60 
1.75 
1.88 
1.00 
1.51 
1.60 
2.64 
-
1.71 
1.78 
2.00 
1.45 
1.68 
1.96 
0.97 
1.29 
1.53 
2.50 
-
= Rcpnx 
Water 
absorbed 
per plant 
(g) 
23.3 (39.32) 
20.2 (47.39) 
17.5 (54.42) 
25.4 (33.85) 
23.2 (39.58) 
22.8 (40.62) 
34.3 (10.67) 
30.0 (21.87) 
27.5 (28.38) 
9.0 (76.56) 
38.4 
3.76 
5.0 
23.1 (42.96) 
20.5 (49.38) 
18.0 (55.55) 
27.1 (33.08) 
24.3 (40.00) 
21.2(47.65) 
34.8 (14.07) 
31.4(22.46) 
29.0 (28.39) 
10.0 (75.30) 
40.5 
2.6 
3.5 
luction factor, Pf 
: Final population; Pi = Initial population. 
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arbitrarily termed as standard (S). Other dilutions viz., S/2 and S/10 were 
prepared from 'S' by adding requisite amount of distilled water. 
Roots of 3-weck-old seedlings of cabbage (Brassica oleracea capitata 
L.) cv. 'Maghi' and cauliflower (B. oleracea botrytis L.) cv. 'Pride of India', 
raised in sterilized soil, were separately dipped in different concentrations of 
leaf extracts for 20,40 or 80 minutes. Each treatment was replicated 6 times. 
After the dip treatment the roots were thoroughly washed in running water 
and the seedlings transplanted in 15 cm diameter clay pots containing 1 kg 
autoclaved soil. Each seedling was then inoculated with freshly isolated 
1000 specimens of T. brassicae, separately. Three months later, the plants 
were carefully uprooted and washed gently. Water absorption capability of 
roots was determined following the method of Alam et al (1974). Plant 
growth was measured for weight of shoot and root. The final population of 
the nematode was determined by using Cobb's sieving and decanting tech-
nique along with the modified Baermann funnel technique (Southey, 1986). 
The reproduction factor (R) was calculated by dividing the final population 
with the initial population (Pf/Pi) as suggested by Costenbrink (1966). 
Results 
The stunt nematode, T. brassicae significantly reduced plant growth of 
cabbage and cauliflower but bare-root-dip treatments in leaf extracts of 
neem and Persian lilac significantly decreased nematode damage to the 
plants by reducing the population of the nematode. The nematode population 
gradually decreased with an increase in concentration of the leaf extracts and 
the duration of dip treatment (Tables 1&2). The reproduction factor of the 
stunt nematode was directly correlated to the plant damage. The test plants 
showed greatest susceptibility to the stunt nematode as indicated by high 
population build-up and heavy loss of plant weight in undipped-inoculated 
control. 
Significant inhibition in water absorption was observed in infeaed roots 
of the test plants. Maximum reduction in water absorption was noted when 
the roots of cabbage and cauliflower were not subjected to root-dip treat-
ment, whereas minimum reduction in water absorption was observed after 
treauncnt with 'S' concentration of 80 minutes dip duration in the leaf extract 
(Tables 1&2). Reduction in water absorption was found more in cabbage 
than cauliflower (Tables 1&2). 
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Table 2. Effect of bare-root dip in the leaf extracts of Persian lilac/ 
bakain on the population of stunt nematode, Tylenchorhynchus brassicae 
and plant growth of cabbage cv. 'Maghi and cauliflower cv. 'Pride of 
India (means of six replicates). 
Dip Treatment 
Duration 
Cabbage 
20 
40 
80 
Cone. 
S 
S/2 
S/10 
s 
s/2 
S/10 
S 
S/2 
S/IO 
Undipped-Inoculated 
Weight (g) 
Shoot 
20.6 
16.2 
12.0 
22.4 
18.3 
152 
25.6 
20.2 
19.3 
17.3 
Undipped-Uninoculated 31.6 
CD. (P=0.05) 
C.D.(/'=0.01) 
Cauliflower 
20 
40 
80 
S 
S/2 
S/10 
S 
S/2 
S/10 
S 
S/2 
S/10 
Undipped-Inoculated 
24.2 
19.4 
16.8 
25.4 
21.5 
18.8 
29.1 
22.8 
19.0 
18.5 
Undipped-Uninoculated 34.4 
C.D.(P=0.05) 
C.D.(P=0.01) 
Root 
9.1 
7.3 
5.1 
6.0 
5.2 
5.0 
10.2 
8.9 
7.7 
10.8 
14.0 
9.0 
8.7 
6.9 
10.3 
6.8 
7.0 
14.4 
12.2 
11.7 
10.3 
13.0 
Total 
29.7 
23.5 
17.1 
28.4 
23.5 
20.2 
35.8 
29.1 
27.0 
28.1 
45.6 
3.1 
4.3 
33.2 
28.1 
23.7 
35.7 
28.3 
25.8 
43.5 
35.0 
30.7 
28.8 
47.4 
4.6 
6.3 
Final 
popu- ; 
lation 
per pot 
1840 
1900 
2190 
1650 
1780 
1910 
1090 
1600 
1720 
2730 
-
26.8 
35.0 
1750 
1820 
2090 
1510 
1730 
2000 
1010 
1330 
2600 
2500 
-
32.5 
44.6 
R=4 Pi 
1.84 
1.90 
2.19 
1.65 
1.78 
1.91 
1.09 
1.60 
1.72 
2.73 
-
1.75 
1.82 
2.09 
1.51 
1.73 
2.00 
1.01 
1.33 
2.60 
2.50 
-
Water 
absorbed 
per plant 
(g) 
21.2(44.79) 
19.8 (48.43) 
17.0 (55.72) 
24.6 (35.93) 
20.0(47.91) 
19.7 (48.69) 
30.0 (21.87) 
27.5 (28.38) 
25.4 (33.85) 
9.0 (76.56) 
38.4 
3.0 
4.1 
21.0 (48.14) 
19.7 (51.35) 
17.1 (57.77) 
24.6 (39.25) 
22.2(45.18) 
19.1 (52.83) 
30.0 (25.92) 
27.9(31.11) 
25.8 (36.29) 
10.0 (75.30) 
40.5 
3.4 
4.7 
Fifurti "n parentheses are % reduction over undippcd-uninoculated control R = Reproduction factor, Pf 
= Final population; Pi = Initial population. 
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Discussion 
The protective action of the leaf extracts of neem and Persian lilac 
against the stunt nematode appears to be due to the presence of chemicals in 
them. Possibly these chemicals are either absorbed by the roots or an 'elici-
toi'/activator' reaction was initiated by some factor present in the extracts. 
(Bell, 1981; Giebel, 1982). According to Kast (1985) an induced defence 
mechanism may have some practical utility in integrated biological nema-
tode management strategies. 
From the present as well as from the earlier study (Siddiqui & Alam, 
1987, 1988a) it would appear that leaves of neem and Persian lilac possess 
some broad spectrum factor which has the potential against nematodes with 
different modes of feeding. Systemic action of azadirachtin, a triteipenoid 
from neem, against root-knot nematode has been reported by Siddiqui & 
Alam (1988b). 
The loss in water absorption efficiency of plant roots due to the stunt 
nematode was effectively overcome by root-dip treatment in leaf extracts. 
This may be due to improvement in plant growth from the treatment result-
ing in increased root-surface area (absorption area) as well as leaf surface 
area which acted indirectly by increasing transpiration pull. These studies in-
dicate that non chemical methods for managing nematode problem can be 
developed free from pollution risks. 
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EFFICACY OF NEMATICIDES AND OIL-CAKES FOR THE CONTROL OF PHYTO-PARASITIC 
NEMATODES IN NURSERIES OF PERENNIAL PLANTS 
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Section of Plant Pathology 8 Nematology, Department of Botany, Allgarh Muslim University, Aligarh-202001 .India 
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SUMMARY 
The application of DD, Nemagon, Thimet 10-G, Dasanit and oil-cakea of caitor, 
mustard, margosa and groundnut in nurserias of grewia, papaya, pomegranate, mango 
blacl<berry, lamon and bougainvillea reduced tfie population of pliyto-nematodes. 
INTRODUCTION toxic are applied to the established orchards, the cost 
involved will be a limiting factor. In case the healthy 
Control of nematodes associated with roots of seedlings, raised in treated soil, are used for transplan-
perennial ornamentals and fruit trees is rather difficult tation, they offer certain degree of resistance to the 
• * most of the chemicals used as nematicides are phyto- nematode attack and a* a consequence remain relatively 
toxic. If nematicides that are relatively less phyto- healthy. The cost involved in treating the nursery soil 
35S 
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would also be reduced as the area under treatment will 
be much less. Hence, with this aim in view, the seed-
lings of certain important fruits and a perennial 
ornamental were raised in soil treated with some 
nematicides and oil-cakes; and the population of 
nematodes determined. 
MATERIALS AND METHODS 
A field, harbouring moderate populations of 
nematodes, was thoroughly ploughed and divided into 
small beds of 1 m'. The soil was treated with DD 
(@ 450 l/hec), Namagon (@110l/hec), Thimet 10-G 
and Dasanit (@ 25 kg/hec); or amended with castor, 
mustard, margosa (neem) and groundnut cakes; compost 
and urea (@ 225 kg N/hec). There were three beds 
for each treatment which were distributed in a rando-
mised manner. After three weeks, seeds of grewia 
(Grewia asiatica), papaya (Carica papaya),pomBgranato 
(Punica granatum), mango (Mangifera indica), black-
berry (Syzigium cumini), lemon (Citrus aurantifolia) 
were sown in the beds; and the cuttings of bougainvillea 
(Bougainvillea spectabilis) were also planted. The 
79 
nematode populations prior to treatment and after 90 
days of sowing were determmed by using the Oosten-
brink's eiutriator along with modified Baerman funnel 
techniques (Southey, 1970). 
RESULTS AND DISCUSSION 
Table 1 shows that the final population of different 
nematodes in control beds varied with the crops. In 
G. asiatica, S. cumini, C. aurantifolia there was no 
change in the populations of Hoplolaimus indicus 
while an increase around P. granatum and B. spectabilis 
and decrease around C. papaya and M. indica was 
observed. There was an increase in population of 
Helicotslenchus indicus in compost beds over preplant 
population around C. papaya and P. granatum. 
whereas, in remaining crops the population decreased. 
ftotylenchulus reniformis multiplied only around 
G. asiatica, C. papaya and B. spectabilis. The 
population of Tylenciiorhynchus brassicaa increased 
in G. asiatica and M. indica. The remaining fruit crops 
did not support the multiplication of the nematode. 
There was poor multiplication of Tylenchus filiformis 
Table — 1 . Effect of nematicides and oil-cakes on the nematode population around roots of saplings of some fruit 
trees and ornamental plants in nursery beds. 
Nematode population/200 g soil 
Crops 
Grewia* 
asiatica 
Carica* 
papaya 
Punica* 
granatum 
Treatments 
Compost (control) 
Castor cake 
Mustard cake 
Groundnut cake 
DD 
Nemagon 
Dasanit 
Thimet 10-G 
L.S.D. (at 5% Itval) 
Compost (control) 
Castor cake 
Mustard cake 
Groundnut cake 
DD 
Namagon 
Datanit 
Thimet 10-G 
L.S.D. (at 5% level) 
Compost (control) 
Castor cake 
Hop 
180 
-
20 
160 
20 
20 
60 
260 
84.80 
120 
80 
60 
40 
40 
100 
60 
120 
61.60 
260 
120 
Hel 
260 
2'00 
180 
100 
140 
40 
100 
120 
95.40 
400 
120 
100 
80 
— 
20 
340 
140 
106 
640 
140 
Rot 
140 
100 
120 
60 
20 
— 
80 
20 
27.56 
200 
80 
40 
40 
40 
60 
180 
20 
25.44 
80 
20 
Tylen 
820 
580 
560 
640 
620 
280 
600 
540 
21.20 
480 
280 
560 
420 
320 
100 
480 
240 
127.20 
640 
400 
Tyl 
40 
— 
— 
— 
— 
— 
-
20 
42.40 
— 
-
-
-
— 
-
— 
20 
31.80 
80 
Sap 
1420 
720 
760 
1920 
2300 
980 
1140 
1760 
1500 
1020 
1620 
1460 
1940 
1220 
1500 
1260 
1260 
1320 
360 
80 
Mangifera* 
indica 
Syzigium* 
cumini 
Citrus* 
aurantifolia 
Mustard cake 
Groundnut cake 
DD 
Nemagon 
Dasanit 
Thimet 10-G 
L.S.D. {at 5% level) 
Compost (control) 
Castor cake 
Mustard cake 
Groundnut cake 
DD 
Nemagon 
Dasanit 
Thimet 10-G 
LS.D. (at 5% level) 
Compost (control) 
Castor cake 
Mustard cake 
Groundnut cake 
DD 
Nemagon 
Dasanit 
Thimet 10-G 
LS.D. fat 5% level) 
Compost (control) 
Castor cake 
Mustard cake 
Groundnut cake 
DO 
Nemagon 
Dasanit 
Thimet 10-G 
LS.D. (at S% level) 
Bougainvlllea** Compost (control) 
tpeelabilis Urea 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
DD 
Nemagon 
LS.D. (at 5% level) 
Initial population* 
Initial population** 
120 
180 
60 
240 
180 
260 
21.20 
100 
40 
40 
60 
— 
-
20 
20 
84.80 
180 
140 
160 
100 
160 
20 
140 
80 
29.68 
180 
60 
20 
120 
80 
80 
60 
40 
27.56 
340 
260 
140 
150 
60 
120 
120 
100 
21.20 
180 
120 
220 
340 
280 
260 
100 
60 
29.68 
140 
140 
140 
200 
100 
40 
40 
40 
116.60 
180 
100 
40 
120 
120 
20 
20 
100 
84.80 
60 
— 
20 
20 
40 
40 
20 
20 
95.40 
— 
— 
— 
— 
— 
-
-
— 
—' 
280 
— 
80 
140 
80 
20 
40 
80 
27.56 
80 
— 
80 
20 
20 
20 
80 
60 
10.60 
40 
— 
80 
20 
40 
— 
— 
40 
42.40 
40 
20 
— 
20 
— 
40 
20 
40 
42.40 
120 
120 
80 
120 
140 
120 
60 
20 
29.68 
120 
60 
520 
760 
280 
400 
200 
140 
106 
760 
360 
240 
520 
280 
100 
240 
140 
212.00 
240 
140 
100 
80 
280 
280 
220 
120 
212 
280 
120 
100 
140 
120 
60 
240 
120 
84.80 
480 
340 
120 
160 
220 
300 
160 
80 
21.20 
620 
270 
GEO BIOS 
. 
— 
— 
— 
40 
100 
23.32 
120 
40 
— 
40 
— 
20 
80 
20 
42.40 
160 
80 
20 
— 
20 
— 
60 
80 
42.40 
100 
— 
— 
— 
20 
— 
60 
80 
42.40 
40 
40 
20 
40 
60 
20 
40 
20 
33.92 
ao 
150 
1620 
1300 
1420 
760 
780 
860 
1640 
1980 
780 
1720 
660 
1620 
1440 
2200 
1160 
1600 
1000 
980 
1320 
1280 
1060 
1660 
720 
1440 
240 
1400 
1020 
1440 
920 
820 
260 
180 
300 
240 
600 
320 
160 
240 
1380 
1350 
Hop = Hoplolaimus indicus. He! = Helicotylenchus indicus. Rot — Hotylenchulus raniformis, 
Tylen » Ty/e/ichorhyncfius brass/cae, Tyl = Tylenchus filiformis, Sap^Saprozoic. 
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n all the fruit crops. Around C papaya the pop. lation 
of the nematode was reduced to undetectable numbers. 
However, there was some mcrease in the numbers 
around S. cumin/ and C. aurantifoha. 
When soil was treated with oil-cakes or nemat. • 
cides, the population buildup, in beds with various 
crops, was completely different. Most of the treatments 
brought about considerable reduction in the population 
of nematodes. Highest reduction of Hop. indicus was 
achieved by treating the soil with castor cake in 
G asiatica, groundnut cake and DD in C papaya, DD 
in P. granatum, DD and Nemagon in M. indica, 
Nemagon in 5. cumini, mustard cake in 
C. aurantlfolia and neem cake in B. spectabilis, 
and that of We/, indicus by Nemagon in G. asiatica. DD 
/n C. papa/8, Thimet 10-G in P. granatum, Nemagon, 
Dasanit and Thimet 10-G in M indica, Nemagon and 
Dasanit in S. cumini and castor cake in C. aurantlfolia. 
The population of fl. reniformis was inhibited most by 
Nemagon in 6. asiatica and B. spectabilis, Thimet 10-G 
in C. papaya, castor cake and Nemagon in P granatum, 
castor cake in M.indica,castor cake,Nemagon and Dasanit 
in S. cumini, mustard cake and DD in C. aurantlfolia, 
while that of T. brassicae by Nemagon in G. asiatica, 
C, papaya, M. indica, C aurantitolia and B.spectabilis, 
Thimet 10-G in P granatum and groundnut cake in 
81 
S. cumini. The detailed results are presented in table 1. 
It is clear from the foregoing account that the 
efficacy of a nematicide or oil-cake depended largely on 
the crop and on the nematode genus involved. Not 
one treatment can be recommended for all the crops 
against all the nematodes. These results will be, 
therefore, of great help in the advisory work. Control 
of nematodes with nematicides in nurseries of certain 
fruit trees have also been reported by Lownsbery and 
Thomason (1959) and Maggenti and Hart (1970) 
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EFFICACY OF OILCAKES AND NEMATICIDES FOR THE CONTROL OF 
PHYTONEMATODES IN MANGO AND ROSE NURSERIES 
M. Masbkoar Alan. Abrar M. Kban and S. K. Sauna 
Department of Botany, Allgarh Muslim University, Alig )rh-20200', India 
(Received June 21; Bevised September 10, 1976) 
Considerable work has been carried out in other 
countries on the control ot phyto-parasitic nematodes 
infesting perennial plants in nurseries (Hansbrough and 
Mollis, 1957; Lownsbery and Thomason, 1959; 
MaggentI and Hart, 1970), but in India not much 
information is available on this aspect (Khan el al., 
1976). Hence, an attempt has Iwen made to determine 
the effect of soil treatments with oilcakes and nemaii-
cides on the population of nematodes attacking mango 
and rose in nursery beds. 
A field harbouring moderate populations of 
nematodes was thoroughly ploughed. Each bed 
measuring 1 so m was treated with either a nematicida 
or amended with an oilcake. The nematicides were : DO 
(1,2 Dichloropropane + 1.3 dichloropene) at the rate of 
450 l/hec, Telone (1,3 dichloropropene) at the rate of 
110 l/hec, Nemagon/D.B.C.P. (1.2 Dibromo-3-chloro-
propane at the rate of 55 l/hec. Thimat-IOG/Phoraie 
0,0 - Diethyl - S - (ethylthiomethyl) phosphorodlthioate, 
Dasanit/Fensulfothion, 0,0-Diethyl-0 (4.methylsulfinyl-
phenyl-monothiophosphate & 5% Rogor-G/Dimethoate 
0.0-Dimethyl - S - (N-methyl carbamoylmethyl) phos-
phorodithioate at the rates of 25 Kg/hec, The amend-
ments included urea, compost and oilcakes of mahua 
(Madhuca indica), castor (Bielnus communis), mustard 
(Brassica campestris), neem/margosa (Azadirachta 
Indica) and groundnut (Arachls hypogaea) at the rate 
of 225 Kg N/hec. The beds receiving urea were elso 
supplemented with superphosphate and murate of potash 
at the rates of 110 Kg P,K/hec. The nematicide treated 
beds were also supplied with inorganic fertilizers at the 
above rates. In all 14 treatments including untreated 
control were randomised and repliceted thrice. After 
three weeks, seeds of mango (Mangitera indica) were 
sown and cuttings of rose (Rosa Indica) were planted. 
The nematode populations prior to treatment and six 
months after sowing were determined from representa-
tive soil samples from each bed with the help of 
Oostenbrin'^'s elutriator along with modified Baerman 
funnel techniques (Southey. 1970). 
The population of Tylenchorhynchua brassicae 
around mango in control beds increased. There was 
nn multiplication of other nematodes on mango showing 
that this plant is a non host for these nematodes. On 
the orher hand, the numbers of Hop'olaimus indicus. 
Hellcotylenchus indicus, and T. brassicae were more 
than initial level on rose in contiol beds. There was 
no increase in the population o< Tylenrtius filiformis, 
DItylenchus cyperi and Aphelenchus avenaa on rose 
in control beds and this plant WPS p'oved to be poor 
host for these nematodes (Table 1). 
Highest reduction in numbsrs of Hop. Indicus 
was achieved on mango by treating the soil with 5% 
Rogor-G, castor and mustard cakes and on rose by 
mahua cake; of Hel. indicus on mango by neem and 
groundnut cakes and &% Rogor-G and on rose by mahua 
cake; of T. brassicae on mango by groundnut cake and 
on rose by Dasanit. The populations of other nematode 
species viz., T. filiformis. D. cyperi and A. avenae 
remained low on both the crops throughout the studies. 
This is partly because both the plants are non hosts for 
these nematodes (Table 1). 
The efficacy of nematicides or oilcakes depended 
largely on the crop and the nematode species involved. 
Therefore, no single treatment can be recommended for 
both the crops against all the nematodes. Since 
oilcakes were as effective as nematicides. these offer 
as most feasible alternative method of controlling nema-
todes for a country like outs, as the nematicides are 
very costly and generally not available. Moreover, the 
oilcakes are relatively free from pollution hazards and 
phyto-toxicity. The advantage of treating the nursary 
soil is that the seedlings raised are relatively healthy 
and when used for transplantation, they offer certain 
36 
74 ceoB^os, 
Table 1. Effect of oilcakes and nematicides on the population of nematodes infesting mango and rose capHngs in 
nursery beds. 
Crop treatments 
Mango DD 
Nemagon 
Telone 
Thimet-lOG 
Dasanit 
5% Rogor-G 
Mahua caka 
Castor cake 
Mustard cake 
Neem cake 
Groundnut caka 
Compost 
Inorganic fertilizais 
Untreated 
Rota V DO 
Nemagon ' 
Telona 
Thimet-106 
Dasanit 
6% Rogor-G 
Mahua cake 
Castor cake 
Mustard cake 
Naem cake 
Groundnut cake 
Compost 
Inorganic fertilizers 
Untreated 
Initial population 
Hop 
80 
40 
40 
20 
20 
80 . 
-
— 
20 
20 
180 
220 
300 
80 
100 
140 
120 
140 
260 
80 
120 
160 
100 
140 
580 • 
440 
520 
480 
Hel 
120 
100 
100 
20 
80 
20 
100 -
20 
40 
_^ 
100 
40 
200 
40 
20 
60 
100 
40 
— 
— 
40 
140 
20 
120 
320 
240 
260 
240 
Population of nematodes/200 g soil 
Tih Tyl Dit Aph 
500 
620 
640 
520 
580 
360 
400 
220 
880 
400 
120 
1420 
1220 
1240 
380 
620 
340 
260 
220 
340 
460 
260 
320 
280 
380 
840 
860 . 
960 
780 
20 
80 
20 
-
-
40 
60 
60 
-
100 
L S. D. 
L. S. D. 
— 
— 
20 
— 
40 
— 
20 
2 0 . 
— 
20 
40 
80 
— 
20 • 
— 
20 
— 
— 
60 
20 
— 
40 
100 
(atS% 
60 
80 •-
100 
20 
20 
— 
20 
20 
20 
80 
160 
level) 
(at 7% level) 
20 
-
— 
20 . 
— 
— 
40 
— 
-
-
— 
20 
— 
80 
— 
— 
-
20 
— 
— 
20 
20 
60 
40 
80 
120 
LS.D.^at a% level} 
LS.D.4at t% level} 
160 140 220 
Totel 
780 
940-
900 
560 
720 
400 
580 
240 
980 
560 
160 
1780 
1600 
2100 
171 
233 
520 
720 
540 
520 . 
400 ~ 
660 
580-
440 
660 
420 
720 
1 ^ 2 0 L 
1640 
1940 
141 
192 
2020 
Sap 
620 
900 
680 
520 
980 
680 
5 2 0 . 
760 
1060 
1100 
260 
500 
580 
800 . 
1540 
1820. 
940 
7 2 0 . . 
1140 
860 
280 
1400 
2120 
1420 
1640-
2260 . 
1860 . 
13£0 
1120 . 
Hop=Hoplolalmua indicus: 
llliformis: Dit''Ditylenchus 
He\=Helicotylenchus indicus: tih^Tylenchorhynchus brassieae: l^\ = Tylenchus 
cyperi: Aph^Aphelenchus avenee:Jotal=Total Tylenohids, Sap»Total saprozoic. 
degree of resistance to nematode attack and conse-
quently thrive better. The cost involved in treating the 
nursMV «oil would also be lasses the area under treat-
ment will be much less. 
The research has bean'financed', in part, by a 
grantwnade by the United States Department of Agri-
cultuie undar PL-480, which is gratefully acknowledged. 
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CONTROL OF PIANT-PARASITIC NEMATODES WITH ORGANIC AMENDMENTS AND 
NEMATICIDES IN NURSERIES OF ANNUAL PLANTS 
M. MASHKDOR ALAM 
Department of Botany, 
Al igarh Muslim U n i v e r s i t y , Al igarh-202002, India 
Organic amendments such as bone meal, horn meal and o i l s e e d 
cakes of mahua, c a s t o r , mustard, neem and groundnut, and nemat i -
c ides such as oxamyl, f ensu l fo th ion , p h o r a t e , dimethoate and 
d i s u l f o t o n s i g n i f i c a n t l y reduced popu la t ions of p l a n t - p a r a s i t i c 
nematodes i n nursery beds of some annual vege t ab l e s and ornamentals 
Root-knot development on tomato, eggp lan t and c h i l l i v»as a l s o 
i n h i b i t e d . Consequently the s eed l ings were r e l a t i v e l y hea l thy in 
d i f f e r e n t t r e a t m e n t s excep t ing mahua cake which proved to be 
p h y t o - t o x i c . 
INTRODUCTION 
The c rops , which a re propagated by s e e d l i n g s , face g r e a t 
d i f f i c u l t y i n t h e i r e s t ab l i shmen t i f the nurse ry beds , used for 
r a i s i n g s e e d l i n g s , a r e heavi ly i n f e s t ed with p l a n t - p a r a s i t i c 
nematodes. The r e s u l t i n g poor s tand of crops and reduced y i e l d s 
a re a t t r i b u t e d t o u n t h r i f t y s eed l i ngs which o f t en c a r r y and 
t r a n s m i t many nematodes. Keeping these f a c t o r s i n view the p r e s e n t 
i n v e s t i g a t i o n was under taken to e v a l u a t e the e f f i c a c y of some 
nemat ic ides and organ ic amendments a g a i n s t the p o p u l a t i o n of 
p l a n t - p a r a s i t i c nematodes i n n u r s e r i e s of some annual vege tab le 
and ornamental p l a n t s . 
MATERIALS & METHODS 
The f i e l d s e l e c t e d for the p r e s e n t s tudy was thoroughly 
2 ploughed and divided in to ra i sed beds measuring 1 m , each with 
s epa ra t e water channe l s , l e av ing 0 .5 m buf fe r p o r t i o n between them. 
They were t r e a t e d with u rea , bone meal, horn meal and o i l s e e d 
cakes of mahua (Madhuca ind ica Gmel.) , c a s t o r (Ricinus communis L . ) , 
mustard (Brassica campes t r i s L . ) , neem/margosa (Azadirachta 
ind ica J u s s . ) , and groundnut /peanut (Arachis hypogaea L.) a t the 
- 1 -
3 DO 
r a t e of 225 kg N/ha, Urea was supplemented with superphosphate 
and murate of potash 9 110 kg P and K per h e c t a r e . The beds 
t r e a t e d with nemat i c ides , v i z . , oxamyl/Vydate [s -methyl N ' , 
N'-dl inethyl-N-[ (methylcarbamoyl) oxy]-1- thiooxamimidate} , 
f en su l fo th ion /Dasan i t 55^  [O, 0 - d i e t h y l 0 -4 - ( rae thy l su lph iny l ) 
phenyl p h o s p h o r o t h i o a t e ] , phorate /Thimet 10% [O, O-d ie thy l 
S -e thy l th iomethy l phosphorod i th ioa te ] , dimethoate/Rogor 5% 
[O^ O-dimethyl ^ (methy lca rbamoylmethy l ) phospho rod i t h ioa t e ] 
and d i s u l f o t o n / S o l v i r e x [O, 0 - d i e t h y l S - 2 - ( e t h y l t h i o e t h y l ) 
phospho rod i t h ioa t e ] a t the r a t e of 25 kg/ha , were a l s o given 
u r e a , superphosphate and murate of po tash a t the above d o s e . 
There were t h r ee r e p l i c a t e s for each t r ea tmen t i nc lud ing un t r ea t ed 
beds which served as c o n t r o l . The beds wei^ e watered a f t e r 
t r e a t m e n t , and then a wa i t ing per iod of two weeks was given before 
sowing of seeds of tomato (Lycopersicon esculantum M i l l . ) cv , 
Marglobe, eggplant (Solanum melongena L.) c v , Pusa Purple Long, 
c h i l l i (Capsicum annuum L,) cv . NP-46A, cabbage (Brass lea o l e racea 
c a p i t a t a L.) cv . Pr ide of Ind ia , cau l i f l ower (B, o l e r acea 
b o t r y t i s L.) c v . Snowball, knol -khol (B_, o l e racea caulocarpa F&sq.) 
cv . Local , onion (Allium cepa L.) cv . Local, ca lendula (Calendula 
o f f i c i n a l i s L.) cv . Local , and cornf lower (Centaurea cyanus L.) 
cv . Loca l . Six weeks a f t e r sowing the s eed l i ngs were c a r e f u l l y 
removed and washed and t h e i r growth (shoot and roo t weight) and 
r o o t - k n o t index (on 0-4 s c a l e ) de te rmined . I n i t i a l (before 
t r e a t m e n t ) and f i n a l ( s ix weeks a f t e r sowing) popu la t ions of 
nematodes were determined by p r o c e s s i n g the s o i l i n Oos tenbr ink ' s 
e l u t r i a t o r and Baermann funnel and count ing the nematodes with 
the help of Doncas t e r ' s count ing d ish (Southey, 1986). 
RESULTS 
A l l the o rgan ic amendment and nemat ic ides s i g n i f i c a n t l y reduced 
the popu la t ions of p l a n t - p a r a s i t i c nematodes on the t e s t crops 
(Tables 1-4) , Inorganic f e r t i l i z e r s a l s o caused s i g n i f i c a n t 
r educ t ion in nematode popu la t ions on tomato, egz-plant, c h i l l i , 
cabbage, cau l i f lower and knol-khol but i t was much l e s s than t h a t 
- ? -
3DC 
caused by organic amendments and n e m a t l c i d e s . In o t h e r crops 
i no rgan i c f e r t i l i z e r s e i t h e r f a i l e d to reduce nematode popula -
t i o n s o r reduced i t i n s i g n i f i c a n t l y . Highest r educ t ion i n the 
popu l a t i on of p l a n t - p a r a s i t i c nematodes was caused ( i n descend-
ing o r d e r ) by groundnut-mustard cake-phora te in tomato, oxamyl-
d i m e t h o a t e - c a s t o r cake i n eggp lan t , phorate-oxamyl-mahua cake 
in c h i l l i , oxamyl-disul fo ton-mustard cake - f ensu l fo th ion in 
cabbage, c a s t o r cake-mustard cake - f ensu l fo th ion in c a u l i f l o w e r , 
bone meal-mustard cake - f ensu l fo th ion in knol -khol , mahua cake-
dime t h o a t e - p ho r a t e i n onion, c a s t o r cake-mahua cake-neem cake in 
ca l endu la , and f ensu l fo th ion - mustard cake - dime thoa te in 
co rnf lower . This shows t h a t o rganic amendments and nemat ic ides 
a r e e q u a l l y e f f e c t i v e a g a i n s t p l a n t - p a r a s i t i c nematodes on a 
range of d ive r se c r o p s . 
Root-knot development i n Meloidogyne s u s c e p t i b l e p l a n t s , 
e , g , , tomato, eggplan t and c h i l l i , was a l s o i n h i b i t e d s i g n i f i -
c a n t l y by d i f f e r e n t t r e a t m e n t s (ifeible 1 ) . In some t r e a t m e n t s no 
g a l l s were seen on s e e d l i n g r o o t s . 
As a consequence of i nduc t ion i n the popu la t ions of p l a n t -
p a r a s i t i c nematodes, s e e d l i n g growth s i g n i f i c a n t l y improved in 
d i f f e r e n t t r ea tmen t s with the excep t ion of mahua cake which was 
phy to tox ic t o a l l the crops excep t ing e g g p l a n t . 
DISCUSSION 
I t i s c l e a r from the r e s u l t s t h a t o rganic amendments a s well 
a s nemat ic ides s i g n i f i c a n t l y reduced popu la t ions of p l a n t -
p a r a s i t i c nematodes and a l s o r o o t - k n o t development. Excepting 
mahua cake, a l l the t r e a tmen t s a l s o brought about l u x u r i e n t growth 
of s e e d l i n g s . Thus these s e e d l i n g s have b e t t e r chances of 
e s t a b l i s h m e n t . The presence of n e g l i g i b l e g a l l s or no g a l l s on 
r o o t s a l s o enhance chances of b e t t e r growth than the s eed l i ngs 
from u n t r e a t e d beds which ca r ry cons ide rab le i n f e c t i o n of the 
r o o t - k n o t nematode. Since the s e e d l i n g s r a i s ed i n amended s o i l 
a cqu i r e c e r t a i n degree of r e s i s t a n c e a g a i n s t nematode a t t a c k , 
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TABUE 1 
Kffect of n e m i t l c i d e a nnd or-Rinlc nmeruimentn on the p o p u l a t i o n of nematodes 
and s e e d l i n g growth of tom.Jto, e r / ' P l a n t and c h i l l i i n nuraery b e d s . 
Seed l ing w t . ( g ) Nemntode p o p u l a t i o n j)er ?00g o o l l Hoot-
Shoot Root To ta l Itop Rot Trh Tyl Mel T o t a l Sap index P l a n t / T r e a t m e n t 
Tomato c v . M a r g l o b e : 
U n t r e a t e d 
I n o r g . f e r t . 
Mahua c a k e 
Ca£3tor c a k e 
M u s t a r d c a k e 
Neem c a k e 
G r o u n d n u t cake 
Bone m e a l 
Horn m e a l 
Oxamyl 
F t e n n u l f o t h i o n 
F h o r a t e 
D l m e t h o a t e 
D i n u l f o t o n 
0 . 5 
6 . 3 
0 . 6 
7 . 8 
7 . 3 
7 . 5 
5 . 8 
6.h 
6 . 8 
7 . 0 
6 . 6 
7 . 0 
6 . 6 
6 . 6 
I n i t i a l p o p u l a t i o n 
C . D . f p = 0 . 0 5 ) 
( P - O . O I ) 
0 . / t 6 
0 . 6 3 
0 . 1 
0 . 3 
0 . 1 
0 . 8 
1 .0 
0 . 5 
0 . 8 
0 . 4 
0 . 5 
0 . 3 
0 . 3 
0 . 3 
0 . 3 
0 . 3 
0 . 2 9 
0 . 3 9 
0 . 6 
6 . 6 
0 . 7 
8 . 6 
8 . 3 
8 . 0 
6 . 6 
6 . 8 
7 . 3 
7 . 3 
6 . 9 
7 . 3 
6 . 9 
6 . 9 
0 . 4 9 
0 . 6 6 
li/TKPlant c v . Pusa P u r p l e Lon^: 
U n t r e a t e d 
Ino r g . fe r t . 
Mahua c a k e 
C a s t o r c a k e 
M u s t a r d c a k e 
Neem c a k e 
G r o u n d n u t c a k e 
Hone m e a l 
I b n i m e a l 
Oxarayl 
F e n s u l f o t h i o n 
Pho r-a t e 
D i m e t h o a t e 
U i s u l f o t o n 
0 . 5 
1 .3 
0 . 5 
2.5 
2 . 6 
1 .5 
2 . 3 
2 . 1 
2 . 5 
1 .8 
1 .5 
1 .6 
1 .5 
1 .3 
I n i t i a l p o p u l a t i o n 
C D . ( P - 0 . 0 5 ) 
( ^ 0 . 0 1 ) 
0 . 2 3 
0 . 3 2 
C h i l l i c v . NP-A6A ; 
U n t r e a t e d 
Inorf^. f e r t . 
Mahua c a k e 
C a s t o r c a k e 
M u s t a r d c a k e 
Neem c a k e 
G r o u n d n u t c a k e 
Bone m e a l 
Horn m e a l 
Oxamyl 
F b n s u i f o t h i o n 
P h o r a t e 
Dime t h o a t e 
D i s u l f o t o n 
0 . 6 
2 . 5 
^ . 6 
7 .A 
7 . 9 
6 . 0 
8 . 3 
6 . 5 
7 . 2 
3 . 2 
3 . 0 
3 . 6 
5.1* 
2 . 5 
I n i t i a l p o p u l a t i o n 
C . D . ( P - 0 . 0 5 ) 
( £ • 0 . 0 1 ) 
0 . 3 0 
O.itO 
0 . 1 
0 . 3 
0 . 1 
0 . 5 
0 . 5 
0 . 3 
0 . 6 
0 . 4 
0 . 5 
0 . 5 
0 . 5 
0 . 3 
0 . 3 
0 . 3 
0.L>8 
0 . 7 8 
0 , 1 
0 . 4 
0 . 5 
0 . 8 
1 .0 
0 . 7 
1.1 
0 . 7 
0 . 8 
0 . 5 
0 . 4 
0 . 5 
0 . 4 
0 . 5 
0 . 2 6 
0 . 3 5 
0 . 6 
1 .6 
0 . 6 
2 . 8 
3 . 1 
1 .8 
2 . 9 
2 . 5 
3 . 0 
2 . 3 
2 . 0 
1 .9 
1 .8 
1.6 
1.t)0 
2 . 0 3 
0 . 7 
?.') 
5 .1 
8 . 2 
8 . 9 
6 . 7 
9 . 4 
7 . 2 
8 . 0 
3 . 7 
3 . 4 
4 . 1 
3 . 8 
3 . 0 
0 . 4 3 
0 . 5 9 
120 
8 0 
20 
20 
40 
20 
-
60 
60 
-
20 
-
-
80 
240 
80 
100 
40 
40 
60 
40 
20 
30 
40 
-
20 
40 
20 
20 
240 
580 
420 
-
200 
180 
100 
180 
100 
220 
80 
300 
8 0 
160 
180 
260 
300 
220 
120 
40 
-
60 
20 
100 
180 
140 
8 0 
100 
20 
40 
160 
260 
360 
120 
40 
160 
220 
40 
180 
200 
140 
120 
120 
8 0 
140 
160 
440 
ino 
100 
120 
160 
200 
100 
180 
100 
100 
220 
-
100 
100 
3 0 0 
620 
480 
460 
320 
120 
440 
8 0 
100 
120 
220 
300 
120 
280 
440 
400 
1320 
900 
640 
3 2 0 
180 
360 
360 
480 
580 
140 
260 
400 
240 
480 
400 
890 
700 
380 
500 
4'40 
280 
380 
320 
280 
3 0 0 
3 6 0 
3 8 0 
680 
480 
580 
80 
8 0 
80 
-
-
180 
-
7 0 
40 
-
-
-
-
40 
80 
60 
-
100 
-
-
60 
20 
20 
20 
20 
20 
60 
-
-
8 0 
100 
120 
150 
200 
100 
140 
-
8 0 
40 
100 
120 
8 0 
-
100 
100 
240 
120 
-
10 
20 
-
-
20 
40 
40 
-
-
40 
8 0 
160 
240 
140 
20 
-
20 
20 
-
40 
40 
-
-
-
20 
-
160 
3 4 0 
100 
-
60 
60 
-
120 
60 
80 
40 
8 0 
40 
100 
100 
180 
1360 
9 8 0 
6 8 0 
390 
180 
700 
100 
550 
440 
400 
400 
220 
340 
680 
1040 
1 1 1 . 7 9 
1 5 1 . 9 5 
1960 
1500 
9 2 0 
400 
420 
700 
440 
7 5 0 
680 
300 
420 
620 
360 
640 
1040 
1 2 8 . 2 5 
1 7 4 . 3 2 
2150 
1800 
630 
1080 
9«»0 
720 
780 
740 
720 
620 
1080 
580 
1040 
9 6 0 
1420 
1 5 5 . 8 5 
2 1 1 . 8 3 
2420 
1640 
1880 
6 9 2 0 
2560 
1920 
8 8 0 
3120 
2800 
1620 
1360 
2060 
1420 
3 2 2 0 
9 2 0 
1900 
1180 
2040 
2740 
1620 
2420 
1060 
2560 
2420 
900 
1840 
1740 
780 
1340 
920 
1260 
1840 
2620 
2180 
2780 
1220 
1760 
2460 
2620 
1440 
1560 
2160 
9 2 0 
1320 
1020 
0 . 8 
0 . 6 
0 
0 . 3 
0 . 3 
0 . 3 
0 
0 . 3 
0 . 1 
0 
0 
0 
0 . 3 
0 . 5 
0 . 7 9 
1 .07 
0 . 8 
0 . 3 
0 
0 
0 
0 
0 
0 . 8 
0 . 6 
0 
0 
0 
0 
0 
0 . 9 7 
1 . 3 2 
1 .7 
0 . 8 
0 
0 . 2 
0 . 1 
0 
0 
0 . 7 
0 . 8 
0 
0 
0 
0 . 3 
0 . 2 
0 . 6 4 
0 . 8 6 
Hop - Hoplolaiiaus I n d l c u s , Itot - Roty lenchulus r e n i f o r m i s . 
Trh - Tylenchorhvnchus b r a s s i c a e . Tyl - Tylenchus f l l i f o m i i s . 
Mel - Meloidogyne I n c o g n i t a l a r v a e , T o t a l » T o t a l l y i e n c h i d s , 
Sap • T o t a l s a p r o z o l c . 
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TABLE 2 
3So 
Effect of nematicides and organic amendments on the population of 
nematodes and seedling growth of cabbage and cauliflower in nursery 
beds. 
Plant /Trea tment 
Seedl ing wt 
Shoot Root 
Cabbage cv . Pride of I n d i a : 
Untreated 
Inorg . f e r t . 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
Bone meal 
Horn meal 
Oxamyl 
Ffensulfothion 
Phorate 
Dimethoate 
Dlsul fo ton 
0 . 9 
6 . 6 
1.2 
10.6 
9 . 6 
6 . 3 
9 . 8 
8 . 3 
9 . 4 
8 . 8 
7 . 5 
7 . 6 
7 . 0 
7 . 3 
I n i t i a l popu la t ion 
C.D.(P=0.05) 
(g»O.Ol) 
Caul i f lower c v . 
Untreated 
Inorg , f e r t . 
Mahua cake 
Cas to r cake 
Mustard cake 
Neem cake 
Groundnut cake 
Bone meal 
Horn meal 
Oxamyl 
Ffensulfothion 
Phorate 
Dimethoate 
Disul fo ton 
0.42 
0.57 
0 . 1 
0 . 3 
0 .1 
0 . 9 
1.0 
0 . 3 
1.0 
0 . 3 
0 . 4 
0 . 5 
0 . 4 
0 . 5 
0 . 4 
0 . 4 
0.39 
0.52 
Snowball: 
1.0 
6 . 0 
1.3 
8 .6 
8 .3 
4 . 0 
8 . 5 
8 .2 
8 . 8 
7 . 6 
6 . 6 
6 . 9 
6 . 3 
6 . 6 
I n i t i a l popu la t ion 
C.D.(P=0.05) 
(P=0.01) 
0.21 
0.28 
0 .1 
0 . 5 
0 . 2 
0 . 6 
0 . 8 
0 . 3 
0 . 8 
0 , 8 
0 . 9 
0 . 6 
0 . 6 
0 . 6 
0 . 5 
0 . 6 
0.06 
0.09 
Hop = Hoplolaimus i n d i c u s , 1 
Trh = Tylenchorhynchus 
Mel » Meloidogyi 
Sap « Total sap: 
. . (g ) 
Total 
1.0 
6 . 9 
1.3 
11.5 
10.6 
6 . 6 
10.8 
8 .6 
9 . 8 
8 . 5 
7 . 9 
8 .1 
7 . 4 
7 . 7 
0.57 
0,78 
1.1 
6 . 5 
1.5 
9 . 2 
9 .1 
4 . 3 
9 . 3 
9 . 0 
9 . 7 
8 . 2 
7 . 2 
7 . 5 
6 . 8 
7 . 2 
0.23 
0.31 
Rot = i 
; b r a s s i c a e . 
ne incogn i t a 
ro zo i c . 
Nematode ; 
Hop 
100 
120 
100 
120 
20 
20 
20 
30 
80 
40 
-
20 
— 
60 
240 
160 
160 
40 
20 
60 
20 
100 
180 
120 
80 
20 
80 
20 
— 
240 
Rot 
120 
60 
20 
60 
~ 
40 
~ 
100 
— 
40 
100 
60 
60 
40 
160 
160 
100 
-
20 
-
— 
-
-
-
180 
40 
40 
140 
40 
160 
popula t ion 
Trh 
820 
680 
120 
180 
100 
200 
160 
100 
80 
40 
60 
100 
100 
20 
400 
880 
840 
280 
60 
80 
180 
140 
250 
290 
220 
80 
140 
60 
120 
400 
Tyl 
60 
60 
-
20 
40 
-
20 
50 
80 
-
— 
— 
20 
-
80 
200 
120 
140 
40 
20 
40 
-
50 
110 
80 
40 
60 
60 
40 
80 
p e r 
Mel 
20 
40 
-
-
— 
-
20 
— 
— 
— 
-
20 
— 
-
160 
20 
20 
— 
-
~ 
-
-
-
-
20 
-
-
— 
— 
160 
totylenchulus r e n i f o r m i s . 
Tyl - Tylenchus 
l a r v a e . Tota l » Total 
200g sc 
Tota l 
1120 
960 
240 
380 
160 
260 
220 
280 
240 
120 
160 
200 
180 
120 
1040 
94.61 
128.60 
1420 
1240 
460 
140 
160 
240 
240 
480 
520 
580 
180 
320 
280 
200 
1040 
89.85 
122,12 
f i l i f o r m i s . 
Tyle nch ids , 
) i l 
Sap 
1580 
940 
1560 
2820 
2180 
720 
1320 
3520 
1500 
860 
1080 
880 
500 
540 
920 
1360 
1040 
1700 
980 
1640 
1660 
1220 
1400 
1230 
2120 
1480 
1840 
960 
1560 
920 
- 5 -
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TABLE 3 
Ef fec t of nemat ic ides and organic amendments on the popu la t ion of 
nematodes and seed l ing growth of knol -khol and onion in nurse ry beds 
P l a n t / T r e a t m e n t 
S e e d l i n g wt 
Shoot 
K n o l - k h o l c v . L o c a l : 
U n t r e a t e d 
I n o r g . f e r t . 
Mahua cake 
C a s t o r cake 
Mustard cake 
Neem cake 
Groundnut cake 
Bone meal 
Horn meal 
F t ensu l fo th ion 
P h o r a t e 
Dimethoa te 
I n i t i a l p o p u l a t i 
C . D . ( P = 0 . 0 5 ) 
( P - 0 . 0 1 ) 
Onion c v . L o c a l : 
U n t r e a t e d 
I n o r g , f e r t . 
Mahua cake 
C a s t o r cake 
Mus ta rd cake 
Neem cake 
Groundnut cake 
Bone meal 
I tom meal 
f t e n s u l f o t h i o n 
P h o r a t e 
Dimethoa te 
1.00 
2 . 2 0 
1.33 
3 . 1 6 
3 .23 
3 . 0 0 
3 .78 
2 . 8 3 
3 .21 
2 .86 
2 . 6 6 
2 .56 
on 
0 . 8 7 
1.18 
O.AO 
1.90 
0 . 4 3 
3 . 7 0 
4 . 1 0 
3 . 6 6 
4 . 9 0 
2 . 4 6 
2 . 2 6 
2 . 1 3 
1.93 
1.96 
I n i t i a l p o p u l a t i o n 
C.D. ( 1 ^ 0 . 0 5 ) 
( ^ 0 . 0 1 ) 
0 . 1 0 
0 . 1 3 
Root 
0 .42 
0 . 8 3 
0 .56 
1.00 
1.11 
1.00 
1.33 
1.00 
1.01 
0 .91 
0 . 9 3 
0 .81 
0 .51 
0 . 6 9 
0 . 0 5 
0 . 1 5 
0 . 0 4 
0 . 4 2 
0 . 4 7 
0 . 4 0 
0 . 5 0 
0 . 5 0 
0 .39 
0 . 2 2 
0 . 2 5 
0 . 2 3 
0 . 0 4 
0 . 0 5 
Hop » Hoplo la imus i n d i c u s . 
Trh » Ty lenchorhynchus b r a s s 
. ( g ) 
T o t a l 
1.42 
^,03 
1.89 
4 . 1 6 
4 . 5 4 
4 . 0 0 
5.11 
5 .83 
4 . 2 2 
3 .77 
5 .59 
3 . 3 7 
1.50 
2 .05 
0 . 4 5 
2.95 0 . 4 7 
4 . 1 2 
4 . 5 7 
4 . 0 6 
5 .40 
2 . 9 6 
2 . 6 5 
2 . 3 5 
2 . 1 8 
2 .19 
0 . 2 7 
0 . 3 8 
Hsl = 
i i c a e . 
Nematode ; 
Hop 
160 
120 
160 
60 
80 
60 
60 
80 
40 
80 
120 
40 
180 
280 
^^ 8 
120 
60 
80 
40 
140 
240 
80 
60 
20 
180 
Hal 
160 
80 
60 
140 
40 
140 
80 
— 
80 
80 
40 
60 
140 
260 
280 
20 
260 
120 
80 
100 
20 
180 
40 
20 
60 
140 
H e l i c o t y l e n c 
Tyl = 
p o p u l a t i o n 
Trh 
820 
720 
200 
460 
200 
260 
200 
140 
460 
160 
380 
640 
380 
560 
480 
60 
220 
120 
100 
200 
120 
220 
240 
120 
60 
380 
Tjrl 
40 
20 
20 
-
-
-
20 
-
-
20 
40 
20 
40 
80 
80 
— 
20 
20 
20 
60 
20 
40 
40 
20 
20 
40 
p e r 200g s o i l 
Total 
1180 
940 
440 
660 
320 
460 
360 
220 
580 
340 
580 
760 
740 
1 2 8 . 2 5 
1 7 4 . 3 2 
1180 
1080 
140 
620 
320 
280 
400 
300 
680 
400 
220 
160 
740 
1 1 4 , 5 8 
1 5 5 . 7 4 
hus i n d i c u s . 
Ty lenchus f i l i f o r m i s . 
Sap 
140 
1180 
540 
1080 
720 
3300 
2900 
440 
780 
300 
700 
580 
880 
380 
1500 
160 
740 
1440 
1160 
1860 
1000 
900 
540 
140 
80 
880 
Tota l » Total Tylenchids , Sap = Total s a p r o z o i c . 
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TABUS 4 
Effec t of nemat ic ldes and organic amendments on the popu la t ion of 
nematodes and s eed l ing growth of ca lendula and cornflower i n 
nursery beds . 
Seedl ing w t . ( g ) Nematode population per 200g s o i l 
jTxoinu/ i-i^o. wiiein, Shoot 
Calendula cv . Local: 
Untreated 
Inorg , fe r t . 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
Bone meal 
Horn meal 
Ftensulfothion 
Phorate 
Dimethoate 
A,33 
9.16 
4.85 
13.16 
14.50 
12.00 
15.13 
10.00 
11.83 
10.16 
10.00 
9.16 
I n i t i a l popu la t ion 
C.D.(P=0.05) 
(P=0.01) 
Cornflower cv . 
Untreated 
Inorg , f e r t . 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
Bone meal 
Horn meal 
Ftensulfothion 
Phorate 
Dimethoate 
2 .88 
3.89 
Local: 
2.00 
3.66 
1.83 
5.33 
5.00 
4.83 
5.16 
4.66 
5.83 
4.13 
4,00 
4,16 
I n i t i a l popu la t ion 
C D . (1^0,05) 
(P=0,01) 
0.32 
0.43 
Root 
0.83 
1.83 
0.83 
2,00 
2.83 
2.50 
3.00 
1.83 
2.83 
2.00 
2.00 
1.83 
0.33 
0.44 
0.33 
0.66 
0.33 
1.00 
0.83 
1.00 
1,13 
0,83 
1.00 
0.66 
0.6b 
0.66 
0.16 
0.21 
Total 
5.16 
10.99 
5.66 
15.16 
17.33 
14.50 
18.13 
11.83 
14.66 
12.16 
12.00 
10.99 
4.78 
6,43 
2,33 
4.32 
2,16 
6.33 
5.83 
5.83 
6.29 
5.49 
6.83 
4.79 
4.66 
4.8? 
0.36 
0.49 
Hop 
200 
160 
120 
60 
20 
60 
40 
100 
60 
40 
160 
40 
180 
220 
160 
140 
20 
20 
60 
60 
60 
80 
80 
120 
20 
180 
Hal 
200 
200 
140 
120 
160 
160 
140 
140 
200 
100 
200 
120 
140 
280 
300 
200 
140 
100 
180 
120 
100 
140 
60 
180 
80 
140 
Trh 
400 
420 
60 
100 
200 
120 
160 
200 
280 
340 
380 
180 
380 
460 
480 
180 
120 
60 
120 
380 
120 
280 
20 
340 
140 
380 
Tyl 
40 
40 
-
20 
60 
-
20 
-
80 
— 
40 
60 
40 
40 
60 
40 
40 
20 
-
40 
20 
60 
-
-
40 
40 
Total 
840 
820 
320 
300 
440 
340 
360 
440 
620 
480 
780 
400 
740 
76.95 
104.59 
1000 
1000 
560 
320 
200 
360 
600 
300 
560 
160 
640 
280 
740 
98.83 
134.33 
Sap 
520 
880 
640 
200 
760 
360 
960 
480 
660 
1080 
720 
480 
880 
840 
820 
980 
480 
220 
720 
1220 
340 
1460 
180 
780 
420 
880 
Hoplolalmus i nd i e u s . Hel = Ptel lcotylenchus i n d i c u s . 
Tvlenchorhvnchus b r a s s i c a e . Tyl = Tylenchus f i l i f o r m i s . 
Hop 
Trh = Tvlenchorhvnchus brassicae. Tyl = Tylenchus 
Total = Total Tylenchids, Sap = Total saprozoic. 
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as repor ted by Alam ejt a j . (1977, 1980) and S i ta ramaiah & Singh 
(1978), i t i s reasonable to be l i eve t h a t these may escape 
r e i n f e c t i o n by p l a n t - p a r a s i t i c nematodes. 
The c o s t involved i n t r e a t i n g the nurse ry s o i l i s g r e a t l y 
reduced as the a rea under t r ea tmen t i s much l e s s . 
The l i t e r a t u r e survey r evea l s t h a t t h e r e i s no o t h e r r epo r t 
about the c o n t r o l of p l a n t - p a r a s i t i c nematodes by u s i n g bone 
meal , horn meal, o i l s e e d cakes e t c , i n n u r s e r i e s of annua l 
v e g e t a b l e s and ornamentals included in the p r e s e n t s t u d y , 
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EFFECT OF ORGANIC AMENDMENTS ON 
THE GROWTH AND CHEMICAL COMPOSITION 
OF TOMATO, EGGPLANT AND CHILLI AND THEIR 
SUSCEPTIBILITY TO ATTACK BY 
MELOIDOGYNE INCOGNITA 
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SUMMARY 
Fewer larvae of Meloidogyne incognita invaded and fewer galls were formed when seedlings of non-
resistant varieties of tomato, eggplant and chilli were growing in soil to which oilcakes of mahua, 
castor, neem/margosa, mustard and groundnut had been added Chemical analysis of plant tissue 
showed that, compared with untreated plants, plants growing in treated soil contained greater 
concentrations of phenols and frequently of amino acids, proteins and carbohydrates 
INTRODUCTION 
Organic amendments have been shown to be effective in controUing plant para-
sitic nematodes affecting many crops'^•^*. But little is known about the chemi-
cal status of plants grown in soil amended with oilcakes. It is possible that the 
chemical composition might be modified in a way which was beneficial to 
plants being attacked by nematodes. Hence, we considered it desirable to m-
vestigate the chemical composition of tomato, eggplant and chilli seedlmgs 
grown in oilcake amended soil in relation to their susceptibility to attack by the 
root-knot nematode, Meloidogyne incognita (Kofoid & White) Chitwood. 
MATERIALS AND METHODS 
Oilcakes of mahua (Madhuca mdica Gmel ), castor (Ricmus communis L ), mustard (Brassica cam-
pt'sfris L ), neemimargosa (Azadirachta mdica Juss) and groundnut {Arachis hvpoqaea L ) were 
231 
Plant and Soil 57, 231 -236 (1980) OO32-079X/8O/O572-0231 $00 90 
CC) Martmwi Nyhojf Pubhshers, The Hague Primed in The Netherlands 
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added at the rate of 1 g N per kg autoclaved soil contained in 15 cm clay pots. The pots were later 
watered to ensure proper decomposition of oilcakes. After a waiting period of one week, seeds of 
tomato {Lycopersicon tycopersicum (L.) Karsten ) cv Marglobe, eggplant (Solanum melongena L.) 
cv Pusa Purple Long and chiUi (Capsicum annuum L ) cv NP-46A were sown. When the seedlings 
were four-week old. they were carefully uprooted, washed and their chemical composition anal-
ysed The roots were dried in an oven running at 50 ± 5°C and ground to 60 mesh powder For all 
the estimations 100 mg samples were used Total free phenols and total soluble carbohydrates were 
extracted following the methods of Biehn el al'^ and Yih and Clark'* respectively Total free 
phenols were estimated following Bray and Thorpe^ at 660 nm, total amino acids following Moore 
and Stein '^ at 570 nm, total proteins following Lowry el al " at 660 nm and total soluble carbohyd-
rates following Dubois el a! * at 490 nm in Bausch and Lomb Spectronic-20 colonmeter The 
amounts of total free phenols, total free amino acids, total proteins and total soluble carbohydrates 
were calculated with the help of standard curve plotted by using p-cresol, leucine, egg albumin and 
glucose respectively 
Some of the seedlings, raised as above, were transplanted to acid-washed sand contained in 5 cm 
clay pots and inoculated with 1000 freshly hatched larvae of the root-knot nematode After 24 
hours these seedlings were removed and the roots were macerated in a waring blender and the 
numbers of larvae that had penetrated, determined by counting them in the aliquot"* 
The development of root-knot was studied by transplanting the seedhngs into autoclaved 
soil compost mixture contained m 10 cm clay pots to which 1000 larvae were added The growth of 
plants and root-knot development were determined after 60 days The root-knot index was rated 
as 0 = no galling, 1 = light galling, 2 = moderate galling, 3 = heavy galling and 4 = severe gal-
ling 
RESULTS AND DISCUSSION 
The results in Table 1 show that compared with those in unamended soil the 
seedlings of tomato, eggplant and chilli grew larger in the soil amended with 
oilcakes. When these seedlings were transferred to unamended soil and later 
inoculated with root-knot nematode, their growth was not so severely affected 
and fewer galls were found (Table 2). 
Significantly fewer larvae penetrated the roots of plants raised in oilcake 
amended soil as compared to untreated control (Table 3). The numbers of 
larvae penetrating were decreased by as much as 42.86 % in tomato, 76.85 % in 
eggplant and 27.19% in chilh. 
It is well established that in resistant plants invasion of root-knot larvae'*'^ 
and root-knot development^-' is often inhibited. In the present study, the de-
crease in the numbers of larvae invading the roots of plants previously grown in 
oilcake amended soil and the subsequent reduction in root-knot development 
suggest that plants grown in oilcake treated soil have become less suitable as 
hosts for the nematodes, supporting the findings of van der Laan^''. 
The chemical composition of the seedling roots was also affected by the 
treatments (Table 1). The concentration of total free phenols was significantly 
increased in seedlings raised in oilcake amended soil as compared to those from 
:^i^ 
CHEMICALS IN PLANTS FROM AMENDED SOIL I S ROOT KNOT 2^ 3 
Table 1 Effect of organic amendments on plant growth and chemical composition of the roots 
Crops Treatments 
Tomato Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
L S D (5'„) 
L S D ( r „ ) 
Eggplant Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
L S D (5°„) 
L S D {\\) 
Chilli Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
L S D (5°J 
L S D ( r „ ) 
Weig 
Shoot 
0 86 
1 20 
1 50 
1 60 
1 26 
1 86 
0 50 
0 68 
0 56 
0 80 
1 13 
1 16 
1 00 
1 30 
0 47 
0 64 
0 63 
0 80 
0 86 
0 90 
0 73 
0 96 
0 26 
0 36 
;ht (g) 
Root 
0 10 
0 30 
0 36 
0 33 
0 23 
0 26 
0 22 
031 
0 08 
0 23 
0 30 
0 26 
0 20 
0 30 
0 17 
0 24 
0 06 
0 36 
0 33 
0 30 
0 20 
0 26 
0 20 
0 27 
Amount of chemicals 
Phenols 
0 54 
0 68 
0 84 
061 
0 90 
1 36 
0 05 
0 04 
1 02 
1 26 
1 16 
1 36 
1 74 
1 85 
0 07 
0 10 
0 88 
2 40 
1 02 
1 86 
2 72 
1 52 
0 10 
0 14 
Amino 
acids 
0 86 
1 70 
2 50 
1 57 
1 10 
2 12 
0 61 
0 84 
0 55 
0 66 
0 53 
1 52 
1 52 
0 87 
0 08 
Oi l 
0 65 
0 43 
0 66 
1 42 
1 21 
1 38 
0 06 
0 08 
; (mg 100 
Proteins 
2 32 
2 18 
244 
2 32 
2 14 
2 80 
0 12 
0 17 
3 64 
3 84 
3 04 
440 
5 24 
5 38 
Oi l 
0 15 
390 
4 42 
444 
4 38 
4 83 
5 35 
0 12 
0 16 
mg roots) 
Carboh> 
drates 
1 15 
1 60 
1 66 
1 02 
1 90 
2 20 
on 
0 14 
1 00 
1 20 
1 5"^  
0 85 
0 85 
1 30 
0 12 
0 17 
1 33 
2 50 
1 60 
1 15 
1 36 
1 58 
0 06 
0 08 
Each value is an average of three replicates 
untreated control The increases ranged between 12 96-151 85% in tomato, 
13 73-81 37% in eggplant and 15 91-209 09% in chilli It seems hkely that the 
humic fractions of decomposing organic matter were the source of their 
phenols which were taken up by the plant roots^ '° 
From these studies it seems likely that, as a consequence of the increase in the 
concentration of phenolics in seedlings grown in oilcake amended soil, larval 
invasion into the roots was decreased Galling was also decreased, probably 
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Table 2 Effect of preceding application of organic amendments on root-knot development and 
plant growth 
Crops 
Tomato 
Eggplant 
Chilli 
Preceding 
treatments 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
L S D (5%) 
L S D ( r „ ) 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
L S D (5\) 
L S D ( r „ ) 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
L S D (5°„) 
L S D (1°„) 
Weight (g) 
Uninoculated 
Shoot 
3 26 
2 96 
4 23 
4 76 
440 
5 03 
3 73 
4 16 
5 66 
6 50 
5 33 
6 20 
2 46 
2 86 
2 80 
2 90 
2 96 
3 33 
Root 
0 86 
103 
1 50 
1 60 
1 10 
1 73 
1 16 
1 40 
1 60 
173 
1 36 
1 80 
0 76 
0 83 
106 
103 
0 96 
1 20 
Inoculated 
Shoot 
126 
2 13 
2 66 
2 43 
2 16 
2 53 
1 23 
2 03 
3 06 
4 66 
3 36 
4 36 
1 46 
2 50 
2 66 
240 
2 16 
2 46 
Root 
0 40 
0 53 
0 66 
0 70 
0 76 
0 83 
0 30 
0 56 
0 90 
0 96 
0 76 
100 
0 16 
040 
0 50 
0 53 
0 43 
0 53 
Root 
knot 
index 
400 
2 83 
300 
2 66 
2 83 
2 83 
0 94 
1 29 
400 
2 83 
2 66 
2 83 
2 50 
2 83 
0 80 
1 10 
400 
2 33 
2 33 
2 50 
2 16 
2 06 
0 76 
105 
Each \dlue is an average of three replicates 
because fewer larvae invaded There are indications in the literature that resist-
ant varieties contain increased amount of phenolics*-'''' 
There was no definite trend in the contents of total free amino acids, total 
proteins and total soluble carbohydrates (Table 1), which indicate that there is 
not much role of these compounds in the induction of tolerance m plants 
against nematode attack 
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Table 3. Effect of preceding application of organic amendments on the number of root-knot larvae 
invading within 24 hours 
Preceding Number of larvae penetrated per plant 
treatments 
Untreated 
Mahua cake 
Castor cake 
Mustard cake 
Neem cake 
Groundnut cake 
L.S.D. (5%) 
L.S.D. (1%) 
Tomato 
840 
480 
760 
640 
667 
627 
48.76 
67.18 
Eggplant 
920 
320 
693 
440 
400 
213 
175.96 
242.44 
Chi l l i 
787 
573 
593 
613 
587 
587 
120.84 
166.60 
Each value is an average of three replicates. 
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MECHANISM OF CONTROL OF PLANT PARASITIC NEMATODES AS 
A RESULT OF THE APPLICATION OF ORGANIC AMENDMENTS 
TO THE SOIL. I l l—ROLE OF PHENOLS AND AMINO 
ACIDS IN HOST ROOTS 
BY 
M. MASHKOOR ALAM, SHAMIM A. SIDDIQUI and ABRAR M. KHAN 
Department of Botany, Aligarh Muslim University, AIigarh-202001, India 
Organic soil amendments in the form of oilcakes, bone meal and horn meal suppressed 
the population of Tyltnchorhynchus brassicat attacking knoUkhol and increased the level of phenols in 
its roots, thereby appeared to have induced certain degree of resistance. 
The literature pertaining to the beneficial effect of organic amendments 
for the control of plant parasitic nematodes is by now well documented (Singh & 
Sitaramaiah, 1970). Linford (1937) and Ahm&A et al. (1972) proposed that this 
beneficial effect was the result of predacious activity and changes in physical pro-
perties of the soil. Sayre «/a/. (1965) and Khan et al. (1974) argued that this 
effect resulted due to certain nematicidal compounds released during decomposi-
tion of organic additives. Despite these observations the mechanism of nematode 
control is not yet clear. Hence, an attempt has been made to investigate the 
role of phenols and amino acids in the control of the stunt nematode with certain 
soil amendments. 
MATERIALS AND METHODS 
Fifteen cm clay pots, containing about 1 kg autoclaved soil, were 
treated with urea, bone meal, horn meal and oilcakes of mahua {Madhuca indica 
Gmel.), castor (Ricinus communis L.), neem {Azadirachta indica Juss.), karanj 
{Pongamia glabra Vent.) and groundnut {Arachis hypogaea L.) at the rate of Ig N/kg 
soil and chopped cauliflower leaves at the rate of 100 g/kg soil. The pots were 
watered regularly for ensuring proper decomposition. After one week, the seed-
lings (4-week old) of knol-khol {Brassica oleracea caulocarpa Pasq.) cv. Sutton's 
Early White, raised in autoclaved soil, were transplanted singly to each pot. Next 
day the seedlings were inoculated with 4000 freshly isolated specimens of the 
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Stunt nematode, Tylenchorhynchus brassicae Siddiqi, There were three replicates for 
each treatment. Untreated and uninoculatcd plants served as control. 
The plants were uprooted after 4 months. Their roots were washed 
thoroughly and weights taken. The nematodes were isolated from soil with 
the help of Oostenbrink's elutriator along with Bacrmann funnel technique 
(Southey, 1970) and the population determined. 
For chemical analysis the plant roots were dried in hot-air oven 
(50rfc5°G) and ground to 60 mesh powder. Total free phenols were extracted 
f)l lowing the method of Biehn et al. (1968) and estimated by using Folin-
Ciocalteau reagent (Bray & Thorpe, 1934j at 660 rim in a Bausch & Lomb 
Spectronic-20 colorimeter. Total free amino acids were estimated using 
modified ninhydrin reagent (Moore & Stein, 1954) at 570 nm. The amounts 
of phenols and amino acids were determined from the standard curves plotted 
for p-cresol and DL-leucine respectively. 
RESULTS 
The final population of T. brassicae in untreated pots and pots treated with 
urea, chopped cauliflower leaves, bone meal, horn meal, mahua cake, castor 
cake, neem cake, karanj cake and groundnut cake was 8000, 5500, 3000, 2400, 
600, 1500, 1500, 1600, 1200 and 2500 per pot respectively as against the initial 
population of 4000 (Table I). The weight of roots for the corresponding 
treatments was 2.16, 4.43, 6.26, 5.16, 5.93, 2.93, 5.46, 4.96, 5.60 and 7.00 g 
respectively as against 4.83 g for untreated-uninoculatcd control (Table I). 
Total free phenols were 0.35, 0.29, 0.36, 0.35, 0.44, 0.35, 0.38, 
0.35, 0.40 and 0.42 per cent for the above treatments respectively as 
compared to 0.30 per cent for the control while total free amino acids were 
0.32, 0. 36, 0.36, 0.32, 0.30, 0.85, 0.39, 0.38, 0.27 and 0.36 per cent respectively 
comparable to 0.26 per cent for the control (Table I). 
DISCUSSION 
The results show that the reproduction factor of T. brassietu in 
plants grown in soil treated with organic amendments was significantly 
suppressed. Consequently the plant growth was promoted except in the case 
of mahua cake which showed phytotoxicity. 
A significant increase in the phenolic content* of the roots of plants 
grown in untreated-inoculated soil and those treated with organic matter has 
occurred. In the former this increase appears to be due to host response to 
nematode attack (Alam et al., 1976) while in the latter it may be partly due 
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to the host reaction and partly due to the effect of amendments. However, 
nematode population has declined only in pots treated with organic manures, 
whereas, in untreated-inoculated pots it has almost doubled. It is, therefore, 
reasonable to believe that plants grown with organic amendments develop certain 
degree of resistance (van der Laan, 1956) against nematode attack by v»?ay of an 
enhancement in the phenolic content of their roots. It may be due to the absorp-
tion of substances liberated during decomposition of organic amendments by 
microorganisms which were already present in the amendments. Singh & 
Ghaudhury (1973) and Giebel (1974) have also expressed the view that plants 
having higher phenolic contents in roots arc resistant to nematode attack. Since 
the amount of amino acids, found in knol-khol roots after various treatments, 
show no definite pattern they seem to play a little role in the induction of 
resistance. 
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SHORT COMMUNICATIONS 
MECHANISM OF THE CONTROL OF PLANT PARASITIC NEMATODES 
AS A RESULT OF THE APPLICATION OF OIL-CAKES 
TO THE SOIL 
BY 
ABRAR M. KHAN, M. MASHKOOR ALAM and RAIS AHMAD 
Department of Botany, Aligarh Muslim Univenity, Aligarb, India 
Although the literature, pertaining to the efficacy of oil-cakes for the control of pant 
diseases caused by nematodes, has considerably increased during recent years (Lear, 1959 ; Mankau, 
1963 ; Mankau & Minteer, 1962 ; Khan et al., 1966, 1973 ; Singh & Sitaramaiah, 1966 ; Goswami 
& Swamp, 1971), however, the mechanism involved still remains unresolved. It has also been 
shown that water extracts of oil-cakes and amended soil are toxic to nematodes (Khan er al, 1966 ; 
Deshmukh & Prasad, 1969 ; Rao & Prasad, 1969). Out of many decomposition products, ammonia 
has been attributed to be one of the factors responsible for the nematode control (Eno et al., 1955 ; 
The research has been financed, in part, by a grant made by the United States 
Department of Agriculture under PL-480. 
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Vassallo, 1967 ; Walker & Mavrodineanu, 1967). Artificial manures as such c'o not have a direct 
influence on nematode population in soil (Oostenbrink, 1960), though evidence to the contrary 
specially with respect to ammonia was provided by Oteifa (1955). Commercially available ammonia 
was also proved to be nematicidal (Birchfield & Parr, 1969). The present work was undertaken to 
access whether ammonia is liberated during the decomposition of four different oil-cakes and 
whether ammcmia is toxic to certain nematodes or not. 
TABLE 1 
Amount of aiivttonia liberated during the decomposition of unsterilized oit-cal<e-soil mixture 
(lg+49g) 
Time 
(days) 
5 
10 
15 
20 
25 
Mahua 
0.002 
0.012 
0.015 
0.015 
0.015 
Amount of ammonia tn mg, liberated from oil-cakes 
Castor 
0.165 
0.384 
0.958 
2.023 
2.146 
Mustard 
0.039 
0.073 
0.642 
1.167 
1.206 
Neem 
0.073 
0.122 
0.511 
8.337 
1.416 
Groundnut 
0.195 
0.292 
0.515 
0.783 
0.972 
*For determining the effect of ammonia on nematodes, molar concentrations viz., 10"*, 
10~», and ID"' were prepared by adding requisite quantity of NH4OH to distilled water. For 
hatching experiments, IM concentration was also included in addition to the above conceotrations. 
Five ml solution from each of the above, was transferred to the petridishes (40 mm) to which 
100 hand picked (Khan et at., 1972) specimens of Hoplolaimus indicus, Rotylenchulus reniformis, 
Helicotylenchus indicus, Tylenchorhynchus brassicae, Tylenchus fitiformis and larvae of Meloi-
dogyne incognita, each were transferred. While for studies dealing with hatching, five average 
sized eggmasses of Meloidogyne incognita were added. The petridishes were sealed in order 
to avoid evaporation. The above experiments were made in airconditioned room at 24-28°C. 
Nematodes suspended in distilled water only, served as control. There were three replicates 
for each treatment and for each time interval. Number of immobilized nematodes was counted 
after 3, 6, 12, 24 and 48 hours. In experiments dealing with the larval hatch, final counting 
was made after 120 hours. 
A water saturated mixture of 1 g of each oil-cake with 49 g soil was prepared, and 
placed in the bottom of an air-tight dissicator. A beaker containing 20 ml of 2% boric acid 
with bromo-cresol-green as indicator was placed on perforated porcelain plate. The change of 
colour from green to blue indicated the liberation of ammonia. Quantitative estimations were 
made by titrating boric acid solution against 0.01437 N sulphuric acid. Readings were taken 
after 5, 10, 15, 20 and 25 days of decomposition. 
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MOLAR CONCENTRATIONS OF AMMONIA 
Fig. 1. Regression lines showing linear relationships between different molar 
concentrations of ammonia and present mortality of six nematode 
species. Histogram showing cumulative larval hatch of root-knot 
nematode in different molar concentrations of ammonia. 
From fig. 1, it is clear that all the nematodes were killed within 3 hours of exposure 
in 10"' solution. The 10~* M concentration was as effected as 10"^, however, the time required 
for 100% killing was 12 hours instead of 3 hours. In 10~*!V1 solution, Hoplolaimus indicus, 
Tvlenchorhynchus Helicotylenchus indicus and Rotylencliulus reniformis were not killed upto 12 
hours, while killing of brashicae, Tyienchus filiformis and Meloldogyne incognita was 6.89, 6.25 
and 8.23 respectively. Even after 48 hours of exposure only a few Hoplolaimus indicus, 
Helicotylenchus indicus and Tyienchus filiformis were killed, whereas the killing for Rotylenchulus 
reniformis, Tylenchorhynchus brassicae and Meloldogyne incognita was 51.06, 47.05 and 67.77 
respectively. 
Hatching of larvae was completely suppressed in 1 M, lO'^ .^M, 10~*M and not in 10""'M. 
The liberation of ammonia from different oil-cake-soii mixtures was initiated after 
5 days, al thov^ the amount was very meagre. With an increase of time interval the quantity 
of ammonia liberated increased and after 25 days it was 2.146, 1.416, 1.206, 0.972 and 0.015 mg 
in castor, neem, mustard, groundnut and mahua cakes respectively. 
The amount of ammonia liberated during ihe decomposition of some of the oil-
cakes certainly corresponds with the amount present (1.7525 mg) in 5 ml of 10"*M solution, the 
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concentration which has been proved to be highly toxic to nematodes. In most of the published 
work about 10-20 g oil-cakes per kg soil have been used for effective control of phytonematodes, 
thus It IS expected that amount of ammonia liberated ought to be several fold higher It is, 
therefore, clear from the foregoing that as a result of decomposition of oil-cakes, ammonia is 
hberated and that the amount so liberated, is enough to kill the nematodes. Further, it is 
concluded that ammonia may be one of the factors involved in nematode control as a result 
of the application of organic matter 
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EFFECT OF AMMONIA ON THE POPUUTION OF PIANT-PARASITIC NEMATODES 
AND GROWTH OF SOME VECETABLES 
M.MASHKDOR ALAM 
Departanent of Botany, 
Al igarh Muslim U n i v e r s i t y , Al igarh-202002, India 
S o i l a p p l i c a t i o n of ammonia (NH3) s i g n i f i c a n t l y c o n t r o l l e d 
the s t u n t nematode, Tylenchorhynchus b r a s s i c a e and o t h e r nematodes 
on h ighly s u s c e p t i b l e h o s t s , e . g . , cabbage, c a u l i f l o w e r and kno l -
k h o l . Consequently p l a n t growth improved. IViere was a d i r e c t 
c o r r e l a t i o n between the inc rease i n the dose of NH3 and inc rease 
In p l a n t growth and nematode c o n t r o l . The t e s t doses of NH3 (0 .05 , 
0 .25 and 0.50 g per kg s o i l ) did no t show any p h o t o - t o x i c i t y . 
INTRODUCTION 
Reduction in the popu la t i on of p l a n t - p a r a s i t i c nematodes due 
t o organic s o i l amendments has been a t t r i b u t e d to many f a c t o r s 
i n c l u d i n g ammonia (NH^) which i s r e l e a s e d dur ing the decomposi-
t i o n of o rgan ic m a t t e r (Mi l l e r e t al^., 1973; Khan e;t a2^., 1974) . 
Mineral f e r t i l i z e r s which produce NH^  i n s o i l have a l s o been 
found e f f e c t i v e a g a i n s t nematodes (Eno e t ^ a l . , 1955; Walker, 1971; 
Mojtahedi & Lownsbery, 1976). Rodriguez-Kabana e t al . . (1981, 
1982) have t e s t e d the e f f i c a c y of NH^  i n combination with e thy lene 
dibromide and 1 ,3-d ich loropropenes a g a i n s t nematode p a r a s i t e s of 
soybean. These encouraging r e s u l t s prompted the a u t h o r to under -
take an i n v e s t i g a t i o n t o eva lua te the f e a s i b i l i t y of u s i n g ammonia 
a s s o i l t r ea tmen t for c o n t r o l l i n g p l a n t - p a r a s i t i c nematodes 
a t t a c k i n g some v e g e t a b l e s , 
MATERIALS & METHODS 
Ammonia in the form of NH,OH was added to 15 cm-d c lay p o t s , 
c o n t a i n i n g 1 kg n a t u r a l l y i n f e s t e d f i e l d s o i l mixed with manure, 
so a s to give 0 .05 , 0 .25 and 0.50 g NH, per p o t . There was one 
moire s e t where the po t s rece ived no t r ea tmen t and were f i l l e d with 
au toc laved soi l -manure mixture of the same compos i t ion . These 
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po t s as well as those con ta in ing n a t u r a l l y i n f e s t e d s o i l and no 
t r ea tmen t served as c o n t r o l . There were 6 r e p l i c a t e s for each 
t r ea tmen t i nc lud ing the contrxj l . One week a f t e r t r e a t m e n t , 
3-^k p l d s eed l ings of cabbage (Brass ica o l e racea c a p i t a t a L.) cv . 
Pr ide of Ind ia , c au l i f l ower ( B . o l e r a c e a b o t r y t i s L,) cv . Snowball, 
and knol -khol (B, o l e r acea caulocarpa Piasq.) cv , S u t t o n ' s Ear ly 
White, r a i s e d i n s t e r i l i z e d soi l -manure mix tu re , were t r a n s p l a n t e d 
s i n g l y to each p o t . Af te r two months of sowing p l a n t s were 
c a r e f u l l y uprooted , washed and p l a n t growth (weight of shoot and 
r o o t ) de te rmined . Pot s o i l was processed through Cobb's s i e v i n g 
& decan t ing and Baermann funnel t echniques (Southey, 1986) fo r 
de te rmin ing the f i n a l popu la t i on of the nematodes. 
RESULTS & DISCUSSION 
Cabbage, c a u l i f l o w e r and knol -khol a re members of the family 
C r u c i f e r a e , These a re h ighly s u s c e p t i b l e hos t s of the s t u n t 
nematode, Tylenchorhynchus b r a s s i c a e (Alam et , a]L., 1979) . This 
nematode was predominant i n the exper imen ta l s o i l . In un t r ea t ed 
c o n t r o l the nematode m u l t i p l i e d on a l l these p l a n t s , h ighes t being 
i n knol -khol followed by cabbage and c a u l i f l o w e r (Table l ) . 
S o i l t r ea tmen t of NH^  e f f e c t i v e l y checked the m u l t i p l i c a t i o n 
of ^ . b r a s s i c a e as wel l a s o t h e r nematodes, v i z . , Hoplolaimus 
I n d i c u s . H&licotvlenchus i n d i c u s . Rotylenchulus r e n i f o r m i s . and 
Tylenchus f i l i f o r m i s on a l l the t h r e e t e s t p l a n t s . Al l the doses 
of NH^  were e f f e c t i v e , however, the e f f i c a c y inc reased with 
i n c r e a s i n g the dose . As a consequence of nematode c o n t r o l , p l a n t 
growth a l s o improved. I t was a l s o c o r r e l a t e d t o the i n c r e a s i n g 
dose of NH,. The d i f f e r e n t doses of NH^  t e s t e d did not show any 3 3 
p h y t o - t o x i c i t y (T^ble 1 ) . 
The r e s u l t s r epor ted he re in a re i n agreement with those of 
Rodriguez-Kabana e t a l . (1981, 1982) . Khan e t al , . (1974) have 
demonstrated t h a t ammonia i s r e l e a s e d g r adua l l y from decomposing 
o i l c a k e s of mahua (Madhuca i n d i c a ) , c a s t o r (Riclnus communis), 
mustard (Brass ica c a m p e s t r i s ) , neem (Azadirachta i n d i c a ) , and 
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groundnut (Ar^chis hvpogaea) . They concluded t h a t ammonia as 
decomposi t ion product may be one of the f a c t o r s involved i n 
nematode c o n t r o l by o i l c a k e s . Alam et a l . (1982) l a t e r found 
t h a t water so lub le f r a c t i o n s of decomposed o i l c a k e s were more 
tox ic to Meloido^n/-ne i n c o g n i t a , Rotylenchulus re n i form i s and 
Tylenchorhynchus b r a s s i c a e compared with those from undecomposed 
o i l c a k e s . They po in ted out t h a t t h i s i nc rea se i n nema to - tox i c i t y 
may be due t o release of v a r i o u s decomposit ion p r o d u c t s . 
S o i l amendment with o rgan ic m a t t e r such a s sewage, animal 
manure, e t c . i s known to i n h i b i t seed germinat ion and p l a n t growth 
(Hinesley & Sosewitz , 1969; Bennett & Adams, 1970; Adrian© et . al_., 
1973; Wollan e t . al_., 1978; Wong e t . al^., 1983) . Ammonia i s s a i d 
to be one of the i n h i b i t o r y f a c t o r s (Bloomfield & Pruden, 1975; 
Wollan e t . a l . . , 1978; Wong e t a l . , 1983). Lnnt (1959) claimed t h a t 
germina t ion i s not permanently i n h i b i t e d , but only de layed . Due 
to t h i s reason a wa i t i ng per iod i s always recommended between the 
a p p l i c a t i o n of o rgan ic m a t t e r and growing of p l a n t s . In the 
p r e s e n t s tudy a wa i t i ng per iod of 1-wk has been given a f t e r a p p l y -
ing NH,. This has been done because e v o l u t i o n of NH, i s more 
r ap id dur ing i n i t i a l pe r iods of o rgan ic ma t t e r decomposi t ion 
(Khan e_t a l . , 1974) . This a l s o e x p l a i n s to some e x t e n t the l ack 
of phy t o - t o x i c i t y by NH^. 
The improvement i n p l a n t growth by the a p p l i c a t i o n of ammonia 
appears to be due t o reduction i n the popu la t i on of p l a n t - p a r a s i t i c 
nematodes and a l s o due to the f e r t i l i z e r e f f e c t of ammonia. 
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MECHANISM OF CONTROL OF PLANT PARASITIC NEMATODES 
AS A RESULT OF THE APPLICATION OF ORGANIC AMEND-
MENTS TO THE SOIL. IV—ROLE OF FORMALDEHYDE 
AND ACETONE 
BY 
M. M A S H K O O R A L A M , A B R A U M. K H A N and S. K, S W l ' . N A 
Depar iment of Botany, Ahgarh Musl im Universi iy . Aligarh-202(ini, Indin 
In the present study an attempt lias been made ID nnalvsc dillirciit oilcakei for 
formaldehyde and acetone and to dctermme the clfrci of these rlicTiucah on the nematode 
activity. 
Formaldehyde and acetone contents were determined m diied and powdered samples of 
u i lmkei of mahua {MaJhuea tnciica Gmel . ) , casior {Ricinui communis L ), imisiaid {Dtassica cauipn-
tris h.), neem (Atadirathla indua Jusv.) and groundnut (Aracliis hj/iogaea I..) according to the 
method described by Snell rial, (19GI) on Bausch & Lomb S|)ttironic-2() (.^nlornneici .ii 570 and 
550 n. m. raspectively. 
Nematode activity was tested in formaldehyde and acetone soluuoiis at different concen-
trationi viz. , 10, 100, 1000 and 10000 ppm. prepared in distilled water. About 100 freshly isolated 
specimens of Hopolaimui indicus, Htlicclylituhus indicm, Roljlenchulus reni/ornns, Tylitichorhynchui 
braisicae, Tylinchui ftli/otmii and larvae of A-Z^/oirfojjne inro^ni/a were transfei red separately to 5 ml 
of each of the above solutions contained in 40 m m peiri dishes (Alam el ol , 1973). Nernaiodrs 
suspended in distilled water only served as'control. Total number of immobilized nematodes were 
counted after 12, 24 and 48 hours of exposure. Death of immobilized nmia iodes \vas ascertained 
T A B L E I 
Amount ofjormatdihyde and acetone present in difermi oilcakes 
(Avg . of three replicates) 
Amount of componiids (mg)/100 ing sample 
Oilcakei 
Formaldehyde Acetone 
Mahua cake 0.96G 0 900 
Castor cake 0.088 0 110 
Mustard cake 0.316 0.220 
Neem cake 0.258 0 200 
Groundnut cake 0.478 0 180 
39^ 
39, 
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TABLE II 
Effect of Jormaldthyii and acttont on iht ntmaladt mortality and larval hatch in vitro 
(Avg of three replicatei) 
Ncmaiodes 
Hoplolaimui 
tndicus 
llituolyltiichui tndicus 
RotyttncUulus rtniformii 
lylrnchorhynchus 
bromcne 
Tylenchus 
Jlli/ormii 
.Meloidogyne 
incognita 
Cumulative larval 
hatch of M. incognita 
after 5 dayj 
Exposiiic 
lime (hrs) 
12 
24 
48 
12 
24 
58 
12 
24 
18 
12 
21 
IH 
12 
21 
48 
12 
24 
48 
Cone 0 
10000 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
ion 
100 
100 
100 
100 
100 
100 
10 
percent i 
f formaldehyde 
1000 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
16 
100 
41 
48 
61 
• 50 
62 
65 
40 
45 
54 
35 
39 
48 
41 
46 
52 
58 
60 
G3 
232 
mortali 
(ppm) 
10 
0 
0 
0 
0 
0 
6 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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ity of nemaiodei 
1 Cone. 
10000 
10 
11 
19 
23 
26 
31 
28 
35 
41 
20 
?3 
33 
2 
1\ 
15 
8 
10 
26 
289 
of acetone 
1000 
3 
6 
9 
8 
il 
14 
6 
7 
12 
1 
4 
6 
0 
0 
3 
0 
2 
G* 
313 
too 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
333 
(ppm 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 ' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
354 
') 
D.W. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
354 
bv iraiisfTMiig ihcm lo plajii uatcr and ilicn per cent mortality was calculated. For experiments 
drnlinf; Willi the hatching or./</. i;ii(i,i;/ii/u, fi\r avciage sized egg masses were Iransferred to ihe 
pelri-dislics coniaming 5 ml of ahovc soUiiions 1 inal counts for ihe hatched larvae were made 
after 5 days. There weie three rrplicatci for each treatment. 
The amount of foriiialdchvdc present in mahua, castor, mustard, neem and groundnut 
cakes was 0 %f), 0 038, OTT, 0 .''.8 nul D f78 ing rrspectivclv and that of acetone 0 900, 0 110, 
0.220, 0 280 and 0 180 mg rcspccmtU per 100 mg of simples (Table I). 
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F o r m a l d e h y d e was found lo be more loxic to n e m a t o d i ' . Uiau ace tone as 100 per cent 
m o r i i h t v of all the lest species was noted m 1000 p p m conci nirni iui i wiihiii 12 hours of exposure , 
SN licrcas m ace tone even in 10,COO ppin c o n c c n t r a u o n the m o i t a l i i \ of diffcrrni nc i i u lodes ranged 
' loii i 2 to 41 per cent aficr Nai loub exposure per iods In 100 ppiii corui n i r luipii of formaldehyde 
i in moriali t> o( Hop. mdicus wai t l , 48 a n d 6 1 % after 12, 24 and l!i hours of < xposuic r c spec t ive l ) . 
1 ae cor responding figures foi llei. tndi<t.i wcie 50 02 a n d ( ) J ° „ loi R r,;nformi^ 10 IJ and 5 4 % , fur 
7 brassuae 35, 39 a n d 4 8 % , for T./ ; / i /or«iu 41 4G a n d 52°,, and f .r \[. uuns'iila 'S, GO and C'i''„ 
1 en ppiii concen t ra t ion of bo th for i i i a ldeh \dc a n d ace tone w i s iioi ai all t o \ i c to nematodes 
Table I I ) 
The c u m u l a i n c lar \ il li Itch ol .A/. iiira?Hi/i; iMLre.isrd w u h ihi i i icicist in d ihu ion ul 
l o r i i n l d e h ) d c a n d in 10 p p m ii was a lmost ( q u a l to that in tlisiilird watei In 100, 1000 and 
inuOO pp iu c o u c t n t i a t i o n s 232, l(j a n d l U l i r v a e h i i c l u d as c o m i i a i i d to 3'il m disullc d walf r 
con i iu l ) Oil llie u i l i i r h a n d , ihc ie w.is no i i n u i lal cll( cl ol .ILI li lu on llir lai v.il i ialch as tin 
lot il nu i i ib i r of lai \ a e ha l chcd ill d i l lcreni roMcrini l uons ian};ril l)c iwri 11 '28') 3 11 Tl ilik I I ; l l , 
itj( icforc, appe . i i s that for maid ( h \ d ( is IUOK loxu lo lit m IUM!( s l>\ ii'\» i st 1\ nil. 11 iiii; tin a c t n lU 
iiid l a r sa l h.i tcli . 
T h e h l ^ l u I C d l U l 111 Ol fill i n l l l h I I M U Ml III r i k i ^ l^ l l k l Is I , IM H I I M I | I I I i l l f U IIM 111 lIlC 
i i irLhanism of coiiUul ol I U I I I I I I K ' . IN IIMI i L p m u d \i\ Whii h iil I ' l / i , mil K. ikU c^  S< t i \ 
i 7 j 
m I 1 ULNChb 
\ t \ \ l , \ 1 M . , Ku,\.N M W i ! ^ 5 ) A \ l N A , b K (1'J73) In lu l jum \ i l t m ul m l u u f i l i u m s ol 
some r h i z o s p h t i e fungi of 1)1,1 I on ihc i i ior ta lus and l i \ i l I I I I L I ol i i i i i i n p l i i i , 
paras i t i c n i m a l o d r j Indian J X t m u / o / 3 : 94-90 
l s l D D > , l ' P 5^ ScTTY, I^ O H (1975) C o n t i o l of p lan t p i r i s i i i c n e i i n i o d t s 111 cni ton rhizo-
splieie Curr, lid ^ lb-17 
i S E L L , r D , S N E L L , C T 5. S N E L L , C A (19G1) Lotornneln, mtthods of aniUMi,. Vol / / / . A 
D. van .Xosiiaiul Co, Inc P r m i e t o n , N'fss Jc i s i \ p p 
^^HITLHEAD, A G (197C) T h e elfcci of formalin on poi.i io t \ si n r m . i t o d r l/iUiodtra roilocliitnsis 
Ann. ap/it Diol. 8,j 97-99 
89 39o 
•>.u:n] StmaliA. <) (1 ' . I79! : I3f>-1-12 
M E C H A N I S M O F CON I R O L O F PLAN I' l ^ARASr i lC N K M A I O D E S AS 
A R E S U L T O F T H E APPLICATION O F O R G A N I C AMLNDAfENTS l O 
THE SOIL. \ ' — R O L E O F P H E N O L I C C O M P O U N D S 
l!V 
NL M A S U K U O R A l . A M , A U R A R M . K U A N ;ina S K S A X 1 . N \ 
D c p a r i m t n t of ISoiany, Aligarli Mus l im U i i i v i i s n v . .\l.;,;ii h-'JO'.!('(i: . Ir.dia 
Cons ide rab le amciuiii o f p l i r n o l s xvns cictcctrd in ilif lnI^;l^rs ..f f/;c//f,(7, c;i^ior, n n r t ; i i t i , 
nttm (margosa) and g r o u n d n u i , wiih higKcsi c o n c c i i d a i i o n in inii'-i;ii(i c i k r . Snui ics on liic el irct 
of len pheno l i c a n d rela ted c o m p o u n d s on ilie moi mliiy and po|)i i lniiun cil nr ma lodes showed ihat 
all the c o m p o u n d s icslrd were h ighly de lc i r i ious lo lluplalti\]nu^ uulwus. Jltli<nt;lir:clius w^tcuj, 
HotyUnchutus rern/urinis, T'Jenchorhytichus braaicne ;iiitl TyUnihtts /IIIJLI!>:IS boih in ; i / ' f ;inti ii:::;o. 
However , their effect was selrc l ive , I l yd roq i i imu ic . / i -c ic jol . < ;i4i i In,), i'\ !<•(,'.•, liol and gallic acid 
were found innsl toxic. 
Tlifie aic . inplc r viclciuc? \h;<{ tin- ;i]']ili(: :ii:(iii t-l (MUMUC inaiuiics to 
the soil eficctivcly (-i)iitrols i)hyio-iicn;atoilcs (Leaf, 1959 ; .NLiDkaii, 1963 ; Maiikau 
& Minlecr, 1962). However, little is ki:<i\vn alxait tlic inechanisiii mvolverl in 
ilic contiol. Rfceiilly, Kliaii ^/(//. f 197^) clainieil that aiiinioiii;i is given out as 
a flcgradalioii product whirh has a toxic efiVct on plant ncniatodcs. Si taiamaiah 
& Singh (1973) conchulcd that phenolic compotUKls present in snil du i ing 
decomposition of inargoia cake iinay )jlay an iniiJoitant loK- ni ccmiinlling the 
root-knot nematode thiongh larval mot tality and b\' i endei ing tlic host loots liss 
attractive to nematodes. h i the present study an alteinpt has been made to 
determine phenolic contents in oilcakes and their effect nn jilant IK inaiodes both 
in vitro and in vivo. 
MATERIALS AND .METIIOtJS 
For d c t e i m i i i i n g t he to ta l j jhenoli t : c o h i c n l s , 100 IHL; < I I R ( 1 .UUI 
posvdered samples ot'oilc:akes ol mahua iAIadltuca indico), castt'i [Rjctmis cnmunims], 
mustard {Brassica cairipeiliis), iiecm (margtjsa) [Aiadiraclila xndica) ami giouiuliuit 
(Arachis hypugaea) were useil. The total phenols weic cx t i aeud lollowing the 
method of Biehn rl ol. ( l (Cn) and were estimated by using Folin-Ciocaltc.iu 
reagent (Btay & Thoipe , 1954) at GbO ii.in. in Bauseli &: I.oiiib Si)e(ttonic-20 
coloiimeter. Witli the help of slandaiil e iuv i , diawii on the basis of p-ciesol, 
values of unknown samples were calcuhited. 
39o 
co.^Tiun. ui- PLANT I'ARAsnic M;MATODLS 137 
EfFcct dl'some pl.i'.ii occurring phenolic and iclatcd cdiiipourids on 
vhi- inorLility of IK iii;iiocks was dt lcr inined by making solutions of these 
comp'iuiiiis in distilled w.ilci so as to give the final c )ncentrations of 50, 500 and 
5000 jipin. Ahiiul 100 hand-picked (Khan «•/ al., 1972) freshly isolated specimens 
nl'Huplolaiiiius tni/icu\, Ilelicntylenchus indiais, Rolylcnchulns rcniformis, Tylencltorhynchus 
iiuissicae anil Tylcnchus fdifotmis. wcic t iansfencd separately to 5 ml I'f each of the 
above- solutions lonlaii ird in '10 Hiin j'ci i i dishes following the method of Al.uu 
ctal.(\\)iy}. 'I'lu-u \M re thiec icplicatis for lacii t reatment. Total nnmbci of 
;i(inatodcs and those immobilized weie counted alter 12, 24 and_48 hours oi' 
exposure. Death of immibil izcd nematodes was ascertained by transfcriini; 
them to jjlain water and then percentage mortality was calculated. The mortality 
in distilled water seived as control. 
Tiie clTeci ul these comjjounils was also ilciermincd on the population 
of nematodes a ionnd tfiinato in pots. In each of the pots, containing 500 g of 
field soil, was addetl 200 nig of different com]5oun(ls sei)aratcly. Appropriate 
watering was done to keep the soil moist. After a waiting ]3eriod to 15 days, 
two weeks old seedlings of i<imato cv. Marglobc wcie transplanted to cacli pot, 
Each treatnient was replicated thrice. Unt ieated pots served as control. The 
pots were ])laced in grceidiousc in a randomised inanner. Nematode populations, 
l)oth ))rior to treatment and after the termination of cxjierimcnt (90 day») were 
determined by using Oostcnbi ink's elutriator along with Baerinnnii funnels 
^Somhey, 1970). 
RESULTS AND DISCUSSION 
.All the oilcakes tested, contained considerable amount of phenols 
'Table I). Mustard cake contained highest amount of phenols (0.500%) followed 
TAULE I 
Amount of total phenols prittnl in dijftrtnl oilcakes 
Oilcakci Amouni of tola) phcnoli {ing)/100 mg cake 
Mahi„i 0,220 
C:islor 0.203 
Miislard 0..W0 
,V«m 0.190 
Groundnvil 0.245 
Each value is an average of three replicates. 
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TABLK II 
Efcct of phenolic and rclatid compounds on tht morlality of nematodts in vitro 
Per cent mortality of nematodes in difTcrrnt concentrations 
Neniaiodej/Chemicali 
1 
Uopiolaimui tndicus 
p-Cresol 
Hydroquinonc 
Catechol 
Kesorcinol 
Pyrogallol 
Gallic acid 
riiloroglucinol 
Orcinol 
Arbuiin 
L-inoiitol 
Hehcolylinchu: tndicus 
p-Creiol 
Hydroquinone 
Catechol 
Resorcinol 
Pyrogallol 
Gallic acid 
Phloroglucinol 
Orcinol 
Arbutin 
L-inoiitol 
12 hr 
2 
100 
100 
100 
100 
100 
100 
80 
100 
51 
45 
100 
100 
100 
100 
100 
100 
100 
100 
63 
81 
5000 ppm 
24 hr 
3 
100 
100 
100 
100 
100 
100 
100 
100 
63 
49 
100 
100 
100 
100 
100 
100 
100 
100 
71 
89 
48 br 
4 
100 
100 
100 
100 
100 
100 
100 
100 
70 
84 
100 
100 
100 
100 
100 
100 
100 
100 
75 
100 
12 br 
5 
100 
100 
100 
50 
100 
100 
55 
31 
45 
10 
100 
100 
100 
63 
100 
100 
40 
37 
48 
25 
500 ppni 
24 hr 
6 
100 
100 
100 
75 
100 
100 
61 
53 
49 
25 
100 
100 
100 
93 
100 
100 
43 
39 
68 
31 
48 hr 
7 
100 
100 
100 
100 
100 
100 
65 
71 
55 
48 
100 
100 
100 
100 
100 
100 
48 
46 
72 
63 
12 hr 
8 
100 
100 
85 
28 
100 
80 
30 
0 
11 
8 
100 
100 
90 
18 
100 
9? 
38 
0 
14 
19 
50 ppni 
2^ hi 
9 
100 
lUO 
86 
53 
100 
91 
GO 
3 
19 
21 
100 
100 
92 
69 
100 
98 
40 
14 
27 
27 
48 hr 
10 
100 
100 
100 
08 
100 
100 
63 
8 
23 
29 
100 
100 
100 
93 
100 
100 
45 
28 
35 
51 
Koljltnehulus rtni/ormis 
p-Creiol 
Hydroquinone 
Catechol 
Resorcinol 
Pyrogallol 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
48 
100 
100 
100 
100 
90 
100 
100 
100 
100 
100 
100 
100 
100 
80 
20 
too 
100 
100 
83 
73 
100 
100 
100 
100 
95 
100 
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r\BLr. II —conld. 
1 
Gallic acid 
I'liloroKli'cinol 
Orcinol 
A r b i i t i n 
L-inositol 
T)lencherhynch\is brasjicat 
p-Cresol 
Ilydroquinone 
Catechol 
Rc^orcinol 
Pyrogallol 
Gallic acid 
Phloroglucinol 
Orcinol 
Ai b u i i n 
j . - l l lOMlol 
TjlinchiiS fdiformu 
p-Cresol 
Hydroquinone 
Catecliol 
Resorcinol 
Pyrogallol 
Gallic ncid 
Phloroglucinol 
Orcinol 
Arbulin 
L-inositol 
2 
100 
90 
100 
08 
85 
100 
100 
100 
100 
100 
100 
98 
100 
43 
50 
100 
100 
100 
100 
100 
100 
GO 
100 
33 
30 
3 
100 
100 
100 
C9 
42 
100 
100 
100 
100 
100 
100 
100 
100 
G5 
77 
100 
100 
100 
100 
100 
100 
100 
100 
54 
38 
4 
100 
100 
100 
78 
100 
100 
100 
100 
100 
100 
100 
100 
100 
73 
93 
100 
100 
100 
100 
100 
100 
100 
100 
59 
71 
5 
100 
38 
44 
53 
18 
100 
100 
100 
44 
100 
100 
50 
53 
36 
27 
100 
100 
100 
61 
100 
100 
31 
14 
29 
3 
6 
100 
54 
80 
65 
21 
100 
100 
100 
86 
100 
100 
57 
56 
61 
43 
100 
100 
100 
68 
100 
100 
33 
28 
48 
14 
7 
100 
56 
85 
73 
71 
100 
100 
100 
100 
100 
100 
58 
G4 
68 
65 
100 
100 
100 
100 
100 
100 
35 
31 
55 
54 
8 
95 
35 
0 
22 
15 
100 
100 
68 
9 
90 
90 
48 
0 
5 
25 
100 
100 
52 
38 
98 
75 
.'0 
0 
17 
0 
9 
98 
52 
9 
37 
20 
100 
100 
78 
67 
100 
90 
55 
3 
27 
38 
100 
100 
78 
61 
100 
94 
30 
4 
17 
12 
10 
98 
54 
16 
41 
38 
100 
100 
100 
74 
100 
93 
55 
18 
33 
44 
100 
100 
95 
65 
100 
99 
31 
6 
25 
21 
Each value is an average of three replicates. 
No nematodes were killed in Distilled Water control. 
by grountJnut (0.245%), mahua (0.220%), castor (0.205%) and mem (0.190%) 
ciikcs. • o 
Results on the effect of various phenolic and related compounds on 
the nnortality (if different nematodes arc given in Table II. Hydroquinone and 
/>-Gresol were highly effective witli 100 per cent moitality figures for nemntot'': 
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/ / (• ! aj llinvin oil/ itlaitil CDV pohni!i on ihi pofxilalwi i / pUnt luau i ii. nuiiui'fi m/cidnj 
lomatii ri Alai^lolit iii poll 
.Nrtniliidc [)0[)iil itiipii pel pol 
1 1 cauuci i i s 
l> Cre^ol 
1 Ivdroqui ' io i i r 
C iiecliol 
K d o r c i n o l 
l'\ lOgaiUil 
( i . i l l i c j c i d 
I'hloiot;lui-iiiol 
Orc inu l 
A r b i i i i i i 
L-ino5iiol 
L iu r ca i c i l 
/luliol popiilalion 
1 6 D (ic 5 % Ic ic l ; 
1 S D (-It l -o Ic^el; 
Mop 
3i.O 
160 
110 
20 
.'10 
100 
2U 
120 
80 
10 
J20 
20U 
I M 
200 
20 
40 
130 
W) 
10 
240 
200 
40 
120 
400 
560 
Uul 
2000 
22.iO 
2320 
3140 
24 Id 
3i)U0 
2320 
47U0 
)110 
4840 
jliBO 
4810 
I r h 
210 
14 
11611 
1 i'80 
400 
3()0 
2080 
IGO 
720 
C80 
2040 
1720 
1 ^\ 
20 
2) 
2i) 
ID 
1(1 
200 
1-0 
200 
320 
80 
3G0 
4011 
lo i . 
2820 
2 )20 
3i,2(i 
5030 
3 n i 
mo 
1700 
HIO 
1)1,00 
j700 
8000 
7o20 
(.!)() 6 
93U 7 
1.7 9 ) 
71 3 > 
58 8G 
12 81 
03 97 
I'l '. 1 
4 ) 08 
JK If 
2 J 00 
34 ')1 
— 
— 
S , p 
2080 
840 
2840 
2080 
I20() 
1120 
4880 
610 
9C0 
1480 
5600 
6240 
bad) value is an average of three leplicaies. 
Hop-JUplolaimuj induus, 'He\^Ihluoljiltn!hiit indicui, Rui — Jitljle'icfiuliu rcnifornts, T r f u 
ryUnchorhmhii! bramcat, T)\ — T\tincln.sfilt/ormii, Total =Total parasitic, % Ucc = rer cent decrease 
oscr control (untreated), Sap — 1 ot«l s iprozoic. 
s|)C(.u s, .ill (.1 . K c n t i a t i o n s aiui i n t e i v a l cx[)osuics . I ' s iog. i l lo i w-is a lso cqt ia l ! \ 
cfTeciivc foi Hop. uuluus, Hel uultciis and R remformn and foi /" biossicae and T 
yi/i/ormiJ m ')00 and 5000 ppm aftci 12, 24 and 48 IKHIIS, At 50 ppm after 12 
iiuuis the nioitalitv was 90-98 pei cent, mcicasing to 100 pei cent .iftci 24 luutii. 
C itccli'il and gallic acid at 50 ppm killed 52-98 pt i cent nematodes aftei 12 and 
24 liours of fxposurt Aftc i 48 iioiiis, alinnst ill tiic lu-in iiodr-, ofdiffeunt 
species weie killed. '1 he coiirentratujiii of 50 and 500 jjpm of plilo/otrjuciiiol 
.md nrcinol wcic less ifTectivc to all the nein.itodc sjn ( ics .is iht mortality was 
below 85 pet cent but m 5000 ppm all the nematodes weic killid L-inositol and 
arbutin wcic Ics efTcctivc as in none of the concrnir.itions and a l a i i v t . f l h c 
(xposiiies tlie inoitdht\ was 100 per cent, i xc t pt in 5000 ppm fer Ifrl indicuj and 
R r/ni/ormu exposed foi 48 1iouis 
400 
CONTKOL <>|- PLANT I'AKASITIC NEMATODES 141 
All the pli(:iioli( and iclalcd cdnipoiiiuls, when addc<l Ui lllc soil, 
])]()vcd to be liiglily loxic to Unji. indicus, Hel. indicus, R. reiiiformis, T. brassicae and 
T. filiformis as the i)iii>iilati"ii d .ill these uciiiatodes significaiitl)' decreased aioiind 
tijiualo (Table I I I ) . Hif^lirsi n d m i ion in iii inal(jde poptilalion was observed in 
hydrnqiiihMnr (71.36%) lull, wed b\ ])-ciesol (t)7.95%), i)yi(,gallol (61.97%), 
catechol (.'i8.fifi%J, gallic .K i(! (49.54%:, phloiogiueinol ('l-5.6li%), icsoreinol 
(42.154%), oieiiiol (oU. 1^"/^,, L-inoMi. 1 1,34.54%) and arbuiiii (25.00%;. 
'I'hese results iiaiicati llial .dl the pliciiolic ami related compounds, 
tt iied hei e, were highly eire(i i \e aiiaiii.si plant parasitic nematodes both tn vitro 
('Table II) as well as in viDo ( T.djlc- 111). However, tlicir action was selective. 
Ill 1)1)1 studies (Tabic 111) the effeet of phenolic compounds may be direct or 
iudiit'ci ; these r()in])()un(l.>> either d m cily killed the nematodes or were absoi bed 
by tomato loots (Kononov.i, 1966 ; Huist & Burges, 19o7) and induced certain 
degiec oT ic.MSiance (Alam (/'W., 1977) to make them unfavouiable for nematode 
muUiplicatioii. The jjhenolii compiainds included in the prcM-ni study are t)i 
plant origin and, iheiefoic, in all jimbability may be present in oilcakes as also 
sui)p(;i ted by data (Table 1) and ni.(v pl.iy important role in controlling plant 
jjarasiiic nematodes as a result of ih<' aii]i|icaiion ol' oilcakes to soil. 
The research w.is (inaiicctl, in p.irt, by .'i gi.iiit frf)ni ihc Unili.d States 
Ui|).ii Imenl of Agiiciikun; nuclei rL-48U .md is gi.itefully aekuowlctlgcd. 
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Rdla of -OH group In the nematlcldal property of phenolice* 
t'olloving categories of phenolic compounds based on their 
relative positions of hydroxyl (-0H) groups were selected for 
the present study. 
1) Compounds, with -OH groups at ortho (o-) positions to 
each other, e.g. catechol, pyrogallol and gallic acid. 
li) Compounds with -OH groups at meta (m-) positions to 
each other, e.g. orcinol, phlorogluclnol and resorclnol, 
ill) Compounds with -OH group at para (p-) position, e.g. 
arbutln, hydroquinone and para cresol. 
Besides these compounds, L-lnositol, containing six 
hydroxyl groups in the six numbered cyclic ring similar 
to the benzene ring was also included for comparative 
s tudy. 
A H the above compounds were tested for their toxicity against 
Meloldoiryne incognita, Rotylencmis rcfcl/fiiformls. Tylenchorhynchus 
brassicae. Hoplolalmus indicus, Helicotylenchus indicus and 
Tylenchus flllformis. 
It was observed that compounds having -OH group at para position 
were most toxic followed by those having -OH groups at ortho 
positions. The toxicity of compounds having -OH groups at meta 
positions was even less. 
Afflong the para compounds, hydroquinone was more toxic than 
para cresol and arbutln, probably because it contains two -OH 
groups whereas in arbutln and para cresol there is only one 
free -OH group'. 
Substitution of other groups instead of -OH decreased the 
nematlcldal property of the compound. This is time in the case 
of orcinol which was least toxic among the meta group of pheno-
lics because it contains a substituted methoxyl group. 
Tha acidic nature of phenolics is not the main factor in 
determining their nematlcldal property. This is evidenced by 
the low toxicity of gallic acid which contains an extra carbo-
xyl group over catechol. 
Moreover, the nematlcldal property is determined by the aro-
Riatic nature of phenolics (-0H directly linked with benzene 
Irins) rather than the aliphatio (or alcoholic) nature of the 
oyclohexane ring. This was confirmed by the least toxicity 
«f inositol which contains six hydroxyl groups in the oyclo-
hexane ring. Furthermore, increase in the number of -OH 
groups in the benzene ring results in the enhancement of 
nenaticidal property of the phenolic compounds. 
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RELATIVE TOXICITY OF DECOMPOSED AND UNDECOMPOSED OIL-CAKES 
TO PLANT PARASITIC NEMATODES 
M Mashkoor Alam, Abrar M Khan and S K Saxena 
DEPARTMENT OF BOTANY, ALIGARH MUSLIM UNIVERSITY, ALIGARH 202001 
Water soluble fractions (WSF) of oil-cakes of mahua, castor, mustard, neem 
and groundnut and their mixtures with soil were highly deleterious to Meloido-
gyne incognita, Rotylenchulus reniformis and Tylenchorhynchus brassicae. 
Increase in exposure period enhanced the toxicity of all the oil-cakes and 
cake-soil mixtures. Similar trend was noticed with respect to the increase in 
the period of decomposition of oil-cakes and cake-soil mixtures except in 
case of mahua cake and mahua cake-soil mixture where the toxicity declined 
with decomposition. 
Toxicity of water extracts of oil-cakes to plant parasitic nematodes has been investi-
gated by K h a n et al (1966, 1974), Deshmukh and Prasad (1969), R a o and Prasad 
(1969), Mishra and Prasad (1973), Pillai e / a / ( 1 9 7 4 ) , Si taramaiah e? a / (1974) 
and Gowda and Setty (1979). However, relative toxicity of oil-cakes against 
nematodes during the decomposition in soil is not recorded. T h e present investi-
gation is, therefore, undertaken to study the comparat ive toxicity of undecomposed 
and decomposed oil-cakes and their mixtures with soil to the root-knot nematode, 
Meloidogyne incognita (Kofoid & White) Ghitwood, the reniform nematode, 
Rotylenchulus reniformis Linford & Oliveira and the stunt nematode , Tylenchor-
hynchus brassicae Siddiqi. 
Oil-cakesof mahua (May/iMcfl/«<//cfl Gmel.) , castor {Ricinus communis L.}, 
musta.rd {Brassica campestris 1..), necm {Azadirachta indica Juss.) and groundnut 
{Arachis hypogaea L.) (1 g each) , soil (19 and cake-soil mixtures (1 g + 19 g) were 
passed through 30 mesh sieve and then transferred to Erlenmeyer flasks each con-
taining 100 ml distilled water. T h e extracts were d rawn after 5, 10 and 15 days. 
In control, the extracts were d rawn after shaking oil-cakes in water and were 
termed as 'undecomposed' . The water soluble fractions (WSF) were filtered 
through W h a t m a n filter paper No. 1. About 100 freshly hatched larvae of 
M. incognita or hand-picked (Khan et al 1972) specimens of R. reniformis and 
T. brassicae were transferred (Alam et al 1973) separately to 40 m m petridishcs 
containing 10 ml of wsF. Immobilized and non-immobilized nematodes were 
counted after 3, 6, 12 and 24 hours, and the per cent mortality was calculated. 
Nematode mortality was ascertained by transferring them into plain water. T h e 
mortality of nematodes in distilled water and wSF of soil and undecomposed 
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oil-cakes and cake-soil mixtures, served as control. Each treatment was replicated 
thrice. 
Water soluble fractions (WSF) of all the oil-cakes tested, were highly toxic 
to the nematode species tested, but to varying extent. The toxicity gradually 
MAHUA CAK£ AUME MAHUA CAKE * SOU 
\\x\x x\ 
z 
»etu c M t SMI leMi atm oun i t tn nun aom OQM son <ocHt oun ooAt sMt O M I 
NCCM CADE AlOM NEIM CAKE * SOil. WOUONUT CWE KjCMC GKXJNONUT CAKE .SOU. 
DECOMPOSITION PERIOD OF OiL-CAKES 
Fig. 1. Effect of water soluble fractions (WSF) of decomposed and undecomposed oil-cakes 
and cake-soil mixtures on rnortality of Metoidogyne incognita 
X X % 
l u l l L U a 
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DECOMPOSITION PERKJO OF OIL-CAKES 
Fig. 2. Effect of water soluble fractions (WSF) of decomposed and undecomposed oil-cakes 
and cake-soil mixtures on mortality of Rotylenchulus reniformis 
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DECOMPOSITION PERIOD OF OIL-CAKES 
Fig. 3. Effect of water soluble fractions (WSF) of decomposed and undecomposed oil-cakes 
and cake-soil mixtures on mortality of Tylenchorhynchus brassicae 
increased with an increase in the decomposition period (Figs. 1-3). The highest 
toxicity being in wSF of oil-cakes and cake-soil mixtures drawn after 15 days of 
decomposition, except for mahua cake and m a h u a cake-soil mixture where with 
increasing time intervals there was a corresponding decrease in the toxicity. With 
an increase in the exposure period there was a corresponding increase in the 
mortality of nematodes, irrespective of the decomposition period. T h e da t a also 
indicates that the presence of soil did not materially affect the toxicity of wSF of 
oil-cakes. 
The toxicity of wSF of oil-cakes is appeared to be due to the presence of 
various chemicals. As for example, phenolics and aldehydes, which are highly 
toxic to nematodes, were detected in oil-cakes (Alam el al 1978, 1979). The 
possibility of other nematicidal chemicals which have been detected in organic 
amendments other than oil-cakes can not be ruled out in the present case. 
Increased toxicity of wSF of decomposed oil-cakes may be due to the release of more 
nema-toxic substances from oil-cakes itself (Sayre ct al 1964, 1965 ; Patrick et al 
1965) or from the microbial activity. Recently, Ki rmani et al (1978) have reported 
that certain saprophytic fungi are found in oil-cakes which become more active 
during decomposition of oil-cakes and that their metabolities are toxic to 
nematodes. 
The research has been financed, in part, by a grant made by the United States Department of 
Agriculture under PL-480 which is gratefully acknowledged. 
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EFFECT OF WATER SOLUBLE FRACTIONS OF OIL-CAKES 
AND BITTER PRINCIPLES OF NEEM ON SOME 
FUNGI AND NEMATODES* 
M. WAJID KHAN, M. MASHKOOR ALAM, ABRAR M. KHAN AND 
S. K. SAXENA 
SECTION OF PLANT PATHOLOGV & NEMATOLOGY, DEPARTMENT OF BOTANY, 
ALIGARH MUSLIM UNIVERSITY, ALIGARH. 
The effect of four different concentrations of water soluble fractions of oil-calces of 
neem, mahua, groundnut and castor and three different concentrations of nirabidin 
and thionimone, bitter principles from neem was studied on the growth of two 
isolates of Rhizoclonia solani, Fusarium oxysporum f. lycopersici, Helminthosporium 
nodulosum, Alternaria tenuis and Curvularia tuberculata and mortality of Hoplo-
laimus indicus, Rotylenckulus reniformis, Tylenchorhynchus brassicae and Meloido-
gyne incognita and larvel hatch of M. incognita. All the concentrations of water 
soluble fractions of oil-cakes of neem and mahua when incorporated in culture 
medium were inhibitory for the growth of all the test fungi to a varying degree. 
The reduction in the growth was directly proportional to the concentration of 
watet soluble fractions of the oil-cakes. However, water soluble fractions of 
oil-cakes of groundnut and castor failed to inhibit the growth of these fungi. 
Nimbidin and thionimone also arrested the growth. The growth reduction was 
directly proportional to the concentration of compounds. 
Water soluble fractions of oil-cakes were toxic to the nematodes and inhibited the 
larval hatch of root-knot nematodes. Mahua cake and groundnut cake were more 
effective than castor cake or neem cake. Nimbidin and thionimone also efficiently 
killed the nematodes and inhibited the larval hatch. 
INTRODUCTION 
Oilcake amendments suppress the population and infestation of phytophagus 
nematodes in soil (Khan et al, 1966; Singh and Sitaramaiah, 1970; Khan 
e? a/, 1973). Singh and Pandey (1965,1967), Khan et al (1969), Khan (1969), 
Singh and Singh (1970), Singh (1968), and Khan et al (1973) have shown that 
oilcake amendments also suppress the population of parasitic fungi in the soil and 
rhizosphere of plants. Various theories have been forwarded to explain the mecha-
nism responsible for the suppression of phytopathogenic fungi and nematodes. The 
mechanism involved in such reductions is, however, still not very clear. It is 
claimed that the reduction in phytopathogenic fungi and nematodes as a result 
•The research has been financed, in part, by a grant made by United States Department 
of Agriculture under PL—480. 
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of oilcake amendments might be due to the release of substances toxic to fungi 
and nematodes (Sayre efo/, 1964, 1965; Khan et al, 1973). Therefore, it was 
thought desirable to study the effect of water soluble fractions (W. S. F.) of 
oilcakes of neem, mahua, groundnut and castor and two bitter principles from 
neem viz. nimbidin and thionimone on the growth of Rhizoctonia solani, Fusarium 
oxysporum f lycopersici, Helminthosporium nodulosum, Altemaria tenuis and 
Curvularia tuberculata, mortality of Hoplolaimus indicus, Rotylenchulus reniformis, 
Tylenchorhynchus brassicae, MeJoidogyne incognita and larval hatch of Meloidogyne 
incognita. 
MATERIALS A N D METHODS 
Water soluble fractions of neem (Azadirachta indica Juss.), mahua (Madhuca 
indica Gmel.), groundnut (Arachis hypogea Linn.) and castor (Ricinus communis 
Linn.) were prepared by dissolving 50 grams of the oilcake in 200 ml of distilled 
water and the water soluble fractions obtained after 24 hours were arbitrarily 
designated as 'standard'. From this standard S/2, S/10, S/100 and S/1000 
concentrations were prepared by adding required quantity of distilled water. 
Five ml solution of above concentrations of water soluble fractions of oilcakes, 
individually passed through seitz filter, were added to 20 ml of potato-dextrose-
agar contained in petri dishes. 
For determining the effect of nimbidin and thionimone, one gram of each 
of the compound was dissolved in 10 ml of 90% alcohol. This solution was 
diluted to 5%, 1% and 0 i% by adding requisite quantity of sterilized distilled 
water. In each petri dish containing 20 ml of potato-dextrose-agar, one ml of each 
compound of the above concentration was added. Plates receiving the quantity 
of alcohol present in one ml of different dilutions or receiving no alcohol served 
as control. 
Inoculations were made by transferring equal amount of mycelium o{ ten 
days old cultures of test fungi maintained on potato-dextrose-agar. The 
petridishes were incubated at 28°C for a week except in case of R. solani 
isolates which were incubated only for 36 hours. At the end of the incubation 
period, the radial growth of the colonies was measured. There were taken three 
replicates for each treatment. 
For studying the mortality and hatching of nematodes, only S/IO, S/lOO and 
S/1000 concentrations of water soluble fractions of oil-cakes were tried. And only 
1%. 0"I% and 0-01% concentrations of nimbidin and thionimone were used for 
larval hatch of A/, incognita and 0-1% and 0'01% for the mortality of nematodes. 
About 100 nematode specimens, picked from aqueous suspension by the 
device described by Khan et al (1972), were transferred to 4 cm petridishes 
containing 5 ml of different concantrations of water soluble fractions of oilcakes 
and nimbidin and thionimone. After 12, 24 and 48 hours of incubation, number 
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of immobilized nematodes was counted. For larval hatch five average sized fresh 
galls of M. incognita, obtained from the pure culture maintained on eggplant, 
were transferred to 4 cm petri dishes containing aforesaid solutions. Total 
number of hatched larvae after 5 days of incubation was counted. 
RESULTS 
It is evident from the results summarized in the table 1 that all the concen-
trations of water soluble fractions of oil-cakes of neem and mahua were 
significantly inhibitory to the growth of all the fungi tried to a varying extent. 
The growth of these fungi gradually decreased with an increase in the concentration 
of the water soluble fractions of the oil-cakes. However, different concentrations 
of water soluble fractions of oil-cakes of groundnut and castor failed to signi-
ficantly inhibit the growth of all the fungi. Both, nimbidin and thionimone 
used in the three different concentrations inhibited the growth of all the fungi tested 
(Table 2). The growth reduction here also was directly proportional to the 
concentration of compounds. 
Water soluble fractions of oil-cakes also killed the nematodes to a varying 
degree. Mahua cake was most effective followed by groundnut cake as evident 
from the percent mortality of nematodes in S/1000 and S/100 concentrations. 
Tylenchorhynchus brassicae appeared to be most sensitive because even at S/1000 
concentration of all the cakes was effective in killing a good percentage, though 
this concentration, except of mahua and groundnut cakes, failed to kill the other 
nematodes even after 48 hours. All the nematodes of each species were killed 
in S/10 concentration even after 12 hours (Fig. I). 
The results of cumulative larval hatch of M. incognita in different concentra-
tions of water soluble fractions of oil-cakes clearly indicates the suppression in 
hatching. The inhibition of hatching has gradually increased with the increase 
in the concentration. Groundnut and mahua cakes proved to be most effective 
and only 5 and 17 larvae could hatch respectively. Castor and groundnut cakes 
were also highly effective in suppressing the hatch (Fig. 3). 
Nimbidin and thionimone also proved to be toxic for nematodes and effi-
ciently killed the species tried. Greater killing was obtained in 0.1% than 0.01% 
and it increased with the lapse of time. Hoploiaimus indicus and Tylenchor-
hynchus brassicae were more sensitive to nimbidin than thionimone, and Rotylen 
chulus reniformis and Meloidogyne incognita to thionimone than nimbidin (Fig. 2). 
These compounds also inhibited the larval hatch of M. incognita efficiently. No 
larvae could hacth in 1 % as compared to the solvent in which 56 larvae were 
hatched. Thionimone was more effective than nimbidin (Fig. 3). 
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Fig. 3. Larval hatch of Meloidygyne incognita indifferent dilutions of water soluble frac-
tions of oil-cakes and bitter principles from neem 
DISCUSSION 
Amendment of soil with oil-cakes may influence the growth and survival of 
microorganism and nematodes including phytopathogens in several ways. It may 
lead to the suppression of parasitic forms through toxic decomposition products or 
through competition or antagonism resulting from increased microbial activity. 
These factors may function together or independently in soil. Miller (1955), 
Patrick and Koch (1958) and Toussoun et al. (1963) have shown that fungistatic 
substances are released during the decomposition of organic materials in the soil 
which arrest the growth of parasitic fungi. Sayre et al. (1964, 1965) indentified 
the nematicidal compounds released in soil from decomposing plant residues. 
Khan et al (1973) believed that certain fungistatic and nematicidal compounds are 
released during the decomposition of oil-cakes. 
Snyder e/c/. (1959), Weinke (1962) attributed the reduction in bean root-rot 
to nitrogen starvation of the pathogens brought about by the saprophytes multiply-
ing vigorously. Mankau (1962) claimed that the increase in nematode parasites 
and predators and free living nematodes as a result of organic amendment create 
disadvantageous environment for plant parasitic nematodes. Mankau and 
Minteer (1962) correlated the suppression of citrus nematode due to organic amend-
ments with an increased antagonostic activity of inrceased microbes. Singh and 
Pandey (I967)and Gilbert et al. (1968) claimed that saprophytic fungi and bac-
teria are simultaneosly increased and treatments become inhibitory because the 
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pathogens fail to compete with the increased microorganisms and are ultimately 
reduced. Singh and Singh (1970) observed that oil-cakes in higher dosage become 
inhibitory either due to decomposition products or resulting microbial activity. 
In the present investigations, it has been clearly observed that neem and 
mahua cakes significantly suppressed the growth of fmigi tried when water soluble 
fractions were incorporated into the medium. Water soluble fractions of all the 
oil-cakes were toxic to the nematodes tried and have successfully inhibited the 
larval hatch of M. incognita. Larval hatching of M. incognita is reported to be 
suppressed by water soluble fractions of oil-cakes (Khan e? a/., 1966). Water 
extracts of oil-cakes are also reported to inhibit the hatching and induced the 
mortality of TR" reniformis (Krkhnammthy Rao and Prasad, 1969). 
The bitter principles of neem viz. nimbidin and thionimone also eifectively 
suppressed the growth of fungi in culture media and were highly effective in killing 
the nematodes and inhibiting the larval hatch of M. incognita. 
These findings illustrate that the suppression in growth of parasitic fungi is 
due to the presence of certain chemicals in water soluble, fractions of oil-cakes of 
neem and mahua which are fungistatic in nature. The efficient killing of the 
nematodes and inhibition of the larval hatch of root-knot by water soluble fraction 
of oil-cakes also be attributed to the presence of certain nematicidal compounds. 
The oil-cakes of castor and groundnut are reported to inhibit the pathogenic 
fungi in soil (Singh and Pandey, 1965, 1967; Khan et al, 1973). However, their 
water soluble fractions were not effective in suppressing the growth in culture 
media. The suppression in soil may be attributed to the increased microbial 
activity (Khan, 1969). 
By and large the present findings support the view of Miller (1955), Patrick 
and Kock (1958) and Syre ei al (1964, 1965) and these possibly may help in 
explaining the suppression of parasitic fungi and nematodes in soil due to addition 
of organic matters in general and oil-cakes in particular. Further credence has 
been obtained for this view when chemicals obtained from neem have effectively 
suppressed the growth of fungi and hatching of larvae and killed the nematodes. 
The possibility of suppression due to increased microbial activity (Singh and 
Singh, 1970; Mankau, 1962) resulting from the amendments may not be precluded 
in some of the cases or both chemical phenomena resulting from release of che-
micals present in oil-cakes or decomposition products of oil-cakes or greater 
antagonism due to increased microbial activity may occur simultaneously in the 
soil complex. 
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ORGANIC AMENDMENTS IN NEMATODE CONTROL : A BIBLIOGRAPHY 
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Farmers a l l over the world, have been us ing waste organic 
m a t t e r a s s o i l amendment for improving s o i l f e r t i l i t y s ince the 
advent of a g r i c u l t u r e . I t s b e n e f i c i a l e f f e c t s in nematode 
c o n t r o l , however, became known only in the r ecen t p a s t . Linford 
and coworkers were the f i r s t to have noted nematode c o n t r o l 
p r o p e r t i e s of o rganic soi l -amentments (Linford, 1937; Linford 
e t a l . . 1938), This was the per iod which concided with the d i s -
covery of many promising n e m a t i c i d e s . Due t o t h i s reason 
r e sea rches on 'non-chemica l ' c o n t r o l of nematodes were r e l i g a t e d 
to secondary impor tance . However, the r ecen t d i scovery of 
environmenta l problems a s s o c i a t e d with many nema t i c ida l chemicals 
has led the s c i e n t i s t s to give importance t o a l t e r n a t e c o n t r o l 
measures such as b i o l o g i c a l c o n t r o l , c ropping, use of organic 
amendments, e t c . Work on the l a s t named a s p e c t has been reviev.-ed 
by Singh & Si ta ramaiah (1970), Sayre (1971), Alam (1973, 1976), 
S idd iqu i (1982, 1986), Muller & Gooch ( l982) and Akhtar (1988) . 
The p r e s e n t paper p r e s e n t s a comprehensive b ib l iog raphy on 
' o rgan i c amendments i n nematode c o n t r o l ' . I t w i l l be he lp fu l 
to workers, p a r t i c u l a r l y those from developing c o u n t r i e s where 
acces s to l i t e r a t u r e i s d i f f i c u l t , t o eva lua t e nematode c o n t r o l 
p o t e n t i a l of organic m a t e r i a l s which a re a v a i l a b l e in p l e n t y and 
which otherwise go waste due to lack of unders tanding about 
t h e i r proper u t i l i z a t i o n and d i s p o s a l . I t w i l l a l s o help to 
avoid d u p l i c a t i o n of work, which un fo r tuna t e ly has been common 
in t h i s very s i g n i f i c a n t a spec t of nematode c o n t r o l . 
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SHORT COMMUNICATIANS 
EFFECT OF ROOT-KNOT NEMATODE, MELOIDOGYNE INCOGNITA 
ON WATER ABSORPTION CAPABILITY OF TOMATO ROOTS 
BY 
M. MASHKOOR ALAM. NAJMUL HASAN AND S.K. SAXENA 
Department of Botany, Aligarh Muslim University, Aligarh, India 
Root-rots, rusts and viroses are known to adversely affect the water absorption by roots 
but no such information is available in plants infected with nematodes. Hence, an 
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attempt has been made to determine whether water absorption by roots is aiTected as a result of 
infection with root-knot nematode Meloidogyne incognita. 
Three week old seedlings of tomato cv. marglobe, raised in autoclaved soil, were trans-
planted to 10 cm clay pots containing 500 g acid-leached and thoroughly washed river sand. These 
seedlings were later inoculated with SO, 500 or 5000 freshly hatched larvae of Vf. incognita. Equal 
number of seedlings were left uninoculated to serve as control. There were three replicates for 
eadi treatment. Hvindred ml of Long Ashton complete nutrient solution (Hewitt, 1966) were added 
daily to each pot. After 30 days of inoculation the plants were uprooted and washed gently to 
avoid any damage to the plant tissue. Erlenmeyer flasks of 250 ml capacity were filled with water 
and weighed. A single seedling was placed in each flask with a support of a cotton plug. These 
flasks were kept on glass-house bench with day temperature ranging from 28''-32°C. Same number of 
flasks containing water and without seedlings were also kept for control. After 6 hours the plants 
were taken out of the flasks and the amount of water loss were determined. Amount of water lost 
from the flasks having no plants was deduaed from the amount of water lost from the flasks having 
plantsandthedifferencegave the actual amount of water lost by plants or in other words amount 
of water absorbed by the roots. 
From the results presented in fig. 1, it is evident that water absorption was adversely 
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Fig. 1. Regression line showing the linear relationship between the 
amount of water absorbed by tomato roots and the inoculum 
density oi Meloidogyne incognita. 
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Influence of Duration of Infection and Inoculum Density of 
Meloidogyne incognita on the Water Absorption Capacity of 
Tomato Roots. 
M. MASHKOOR ALAM AND WASEEM ISMAIL 
Section of Plant Pathology and Nematology, Department of Botany, 
Aligarh Muslim University, Aligarh-202001. 
Abstract 
Thu iiifc'cliou of loot-kiiot iiemntode, Meloidogyne incognita inliibitod tho watei iibsorptioii of 
loiiKiio roots, which was found to bu directly correlated with the iucreaso iu iuoculum leveU uud 
durulioiis of infection. 
INTRODUCTION 
It is well known that plant pathogens dis turb physiological processes 
of plants. Root-rots, rusts and viroses arc repor ted to inhibit water 
absorpt ion capability of plant roots^"' . The role of parasit ic nematodes 
in the water absorption of roots is not known. Therefore, it deemed 
desirable to investigate the influence of root-knot nematode, Meloidogyne 
incognita Chitwood, 1949 on the water absorption capability of tomato roots. 
EXPERIMENTAL 
Tomato (cv. marglobe) seedlings were grown in autoclavcd soil. At 
the age of two weeks, these were transferred to 10 clay pots having 500 g 
acid leached and thoroughly washed sand. Next day the sets of six pots 
containing single plant were inoculated with 50, 500 or 5000 freshly hatched 
larvae of M. incognita. This operation was repeated for other plantis after 
10 and 20 days. To each pot, 100 ml of Long Ashton complete nutr ient 
solution* was added daily. Ten days after the last inoculation the plants 
were U))rooted and washed gently to avoid any damage to plants. 
Seedlings were placed singly, in Erlenmeyer flasks (250 ml capacity) 
containing a weighed amount of water . Same number of flasks having 
water, only, served as control. All the flasks were sealed with cotton plugs. 
These flasks were placed on a glass house bench (Temp. 28°—32''C). After 
24 hours the plants were taken out and the amount of water left was 
weighed. Amount of water lost from unplanted flasks was deduced from 
the amount of water lost from flasks having plants. This difference gave 
the actual quantity of water absorbed by plant roots . The plant weights 
were also determined. The root-knot index was rated as : 0 = no galling, 
l= l igh t galling, 2 = modera te galling, 3=sheavy galling and 4 = severe 
galling 
RESULTS 
Tomato roots absorbed 17.06, 15.20 and 11.75 g water when infected 
for 10 d.Tvs with 50, 500 and 5000 larvae of the root-knot ni inatode, 
resi)ectivelv. The corrcsi)onding figures for 20 davs old infection were t4.33, 
8.86 and 5.43 g; and for 30 days 8.00, 5.06 and 3.16 g. The healthy plants 
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absorbed 16.83 g water . Thus showing significant inhibition in water 
absorption capacity due to nematode Infection except those inoculated 
with 50 nematodes 10 days earlier. 
TABLE 
Influence of Durat ion of Infection and Inoculum Density of Meloidogyne 
incognita on the Weight, Root-knot Development and Water Absorption 
Capability of Tomato Plants. 
Age of Inoculum Green weight (g) o . • ^ Amount of 
. r^  . J •. r Koot-knot . I I J 
mfection density of . , water absorbed 
(days) M. ineognila Shoot Root ^^^^^ (g) 0 0 5 83 1.26 0 16.83 
10 50 5,85 1.30 0 17.06 
500 5.03 1.23 0.16 15.20 
5000 5.00 1.08 0.33 11.75 
20 50 4.96 0.80 0.16 14.33 
500 4.00 0.80 0.66 8.86 
5000 3.70 0.70 3.00 5.43 
30 50 4 23 0.56 0.50 8.00 
500 3.50 0.45 1.75 5.06 
5000 3.05 0.30 4.00 3.16 
L.S.D. {at 5% level) 0.21 O.IO 0.22 0.10 
L.S.D. {at 1% level) 0.29 0.14 0.30 0.14 
Face value in an average of six replicates. 
The shoots and roots of uninoculated plants weighed 5.83 and 1.26 g 
respectively. The shoot weights in 10 days infected plants were 5.85, 5.03 
and 5.00 g respectively for 50, 500 and 5000 inoculum levels of M. incognita. 
The 20 days old infection brought about the reduction to 4.26, 4.00 and 
3.70 g respectively; and 30 days to 423, 3.50 and 3.05 g respectively. These 
results indicate that the nematode infection brought about significant 
reduction in shoot weights except in those plants inoculated 10 days 
earlier with reduction 50 larvae of M. incognita. The corresponding figures 
for root weights for 10 days old infection were 1.30, 1.23 and 1.08 g; 
for 20 days 0.80, 0.80 and 0.70 g; and for 30 days 0.56, 0.45 and 0.30 g. H;cre 
also the reduction in root tvcightswas significant in all the inoculated plants 
except those inoculated with 50 and 500 larvae 10 days earlier. 
The 10 days old infection with 50 nematodes could not produce galls. 
However, the root-knot indices for 500 and 5000 inoculm levels were 0.16 
and 0.33. In 20 days old infection the root-knot indices were increased to 
0.16,0.66 and 3.00 when plants were inoculated with 50, 500, 5000 larvae. It 
further increased to 0.50, 1.75 and 4.00 in plants infected for 30 days. The 
increase in root-knot indices was significaat in all the inoculated plants 
except those inoculated with 50 and 500 larvae 10 days earlier and with 
50 larvae 20 days earlier. 
DISCUSSION 
It is clear from the above tha t water absorption was inhibited as a 
result of nematode infection. The reduction was significantly more 
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proMOuuced wiih the increase in inoculum levels and durat ions of infection. 
The iiicrciisc in the inhibition has direct correlation with the increase in 
root-knot indices and decrease in shoot and root weights. 
Hyi>ei rophic and hyperplastic development of c«ll$ occur in galled 
tissues caused hy Afif/M</o^ H^« Spp. infection*'*. Moreover, mechanical damage 
of cells, disturbed a r rangement of trachcury elements, deformation and 
blockage of vessels have also been observed in root galls^'^. Probably these 
abnormalities are responsible for the i)oor water absorpt ion. The root-knot 
infection brought about reduction in root weigts or in other words total 
surface area of roots. This may be the other reason. Moreover, the shoot 
weight was also reduced whicli might have caused a check in the t rans-
])iration yiuW and which might be responsible, indirectly, for the poor 
absorption of water . 
The authors wish to thank Prof, .\brar M- IChiUi, Head, Department of Itotany for 
facilities and guidance. 
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ROOTS BY THE INFECTION OF THE RENIFORM NEMATODE, ROTYLENCHULUS 
RESIFOBMI8 LINFORD AND OLIVEIRA, 1940 
WASEEM ISMAIL AND M. MASHKOOR ALAM 
Department of Botany, Aligarh Muslim University, Aligarh-202 001, India 
( Receioed August 28; Revised October 10,1974 ) 
Life processes of plants are disturbed by the at-
tack of pathogens. Inhibitory effect of viruses, bacte-
ria and fuDgi on the water absorption capability of 
the host roots have been reported by Johnston and 
Miller (1934), Bever(1937), Simmonds( 1939 ), 
and Slubbs ( 1947 ). However, no such information 
is available in the case of nematode infected plants. 
Hence, in the present studies, an attempt has been 
to made determine the effect of reniform nematode, 
Rotyl'enchulus reniformis on the water absorption capa-
bility of castor and tomato roots. 
Seedlings of tomato var. marglobe and seeds 
of castor var. local were sown in 15 cm earthen pots 
containing 1 kg of sterilized soil, sand, organic 
manure mixture (7:2:1). When 3 weeks old, the seed-
lings were inoculated with 1000, 5000 and 10000 
specimens (immature females) of R. reniformis. isolated 
from the pure culture maintained in microplots. 
Uninoculated plants served as control. Each treatment 
was replicated thrice. Pots were kept on the green 
house bench in a randomised manner. After 60 days 
the plants were uprooted and washed gently in order 
to avoid the damage to the plants tissues. These 
plants were kept singly in 250 ml Brlenmayer flasks 
containing a weighed amount of water with the sup-
port of cotton plugs. Same number of flasks with 
cotton plugs and water only were also kept to serve 
Table 1. Effect of different inoculum densities of/J reniformis on the plant growth and water absorption 
capability of castor and tomato. 
Inocnlum 
density 
0 
1,000 
5,000 
10,000 
L.S.D. at 
5% level 
L.S.D. at 
1% level 
Shoot wt. 
(g) 
29.13 
18.53 
13.90 
11.76 
2.22 
3.37 
Castor 
Root wt. 
(g) 
10.13 
8.15 
7.70 
5.06 
2.61 
3.95 
Water absorbed 
(g) 
5.66 
4.36 
3.96 
3.50 
1.32 
2.00 
Shoot wt. 
(g) 
10.46 
10.03 
8.40 
7 40 
1.56 
2.37 
Tomato 
Root wt. 
(g) 
4.90 
4.36 
3.36 
2.45 
0.80 
1 22 
Water absorbed 
(g) 
5.43 
4.80 
3.46 
1.90 
1.46 
2.22 
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EFFECT OF TYLENCHORHYNCHUS BRASSICAE ON THE WATER ABSORPTION 
CAPACITY OF ROOTS 
M. Masbkoor Alam and S.K. Saxena 
Section of Plant Pathology and Nematology, Department of Botany, Aligarti Muslim University. 
Aligarh-202001. India 
{ Received May 12; Revised July 7, 1975 ) 
Viruses, bacteria and fungi have long been known 
t3 influence adversajy various physiological processes 
such as water absorption in plants, but this kind of 
information is meager in nematode infected plants 
(Alam et al., 1974; Ismail and Alam, 1975). Nothing is 
known as to what happens to the water absorption 
capability of roots infected with an ectoparasitic nema-
tode. In the present study the water absorption 
capability of the roots of cabbage, cauliflower and 
knol-khol, infected with the stunt nematode, Tylencftor-
tiyncfius brassicae Siddiqui (1961) has been determined. 
Three weeks old seedlings of cabbage var. Pride of 
India, cauliflower var. Snowball and knol-khol var. 
Local, grown in sterilized soil were transplanted in 
15 cm clay pots containing 1 kg steam sterilized soil : 
sand : compost (7:2:1) mixture and were inoculated 
with 5000 specimens of T. brassicae, isolated from the 
pure culture maintained in microplots. Uninoculated 
plants served as control. Each treatment was repli-
cated six times. After a lapse of 60 days, the plants 
were uprooted and washed gently. These plants were 
placed singly in 250 ml Erienmeyar flasks containing a 
known amount of water with the support of cotton 
plugs. Flasks having cotton plugs and water only 
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INFLUENCE OF MELOIDOGYNE INCOGNITA ON THE PENETRATION 
OF SUBSEQUENT POPULATION OF THE SAME SPECIES 
BY 
WASEEM ISMAIL and M. MASHKOOR ALAM 
Section of Plant Pathology and Nematology, Department of Botany, Aligarh Muslim 
University, Aligarh-202001, India 
Interactions between two species of Meloidogyne have been reported by Chapman 
(1966), Johnson &Nusbaum( 1970), Kinloch & Allen (1972). However, the relationship between 
an initial infection and a subsequent population of the same species has not been studied so far. 
An investigation was therefore taken up to study the influence, if any, of root-knot caused by 
Meloidogyne incognita (Kofoid & White, 1919) Cbitwood, 1949 on the larval penetration of the 
subsequent population of the same species. 
Two weeks-old tomato (cv. marglobe) seedlings raised in sterilized soil were transplan-
ted singly to 10 cm clay pots containing 500 g add-leached and thoroughly washed sand. Next 
day SO, 500 or 5000 freshly hatched larvae of M. incognita were inoculated to one set of six plants 
for each level of inoculum. Same operation was repeated for another set after 10 days. Un-
inoculated plants served as control. Hundred ml of.Long Ashton complete nutrient solution 
(Hewitt, 1966) was added to each pot daily. Ten days after the last inoculation, plants were up-
rooted and washed thoroughly and then transplanted to other pots containing sand. Thereafter, 
the plants were re-.noculated with 500 freshly hatched larvae of M. incognita. The control plants 
also received the same inoculum. Two days after the subsequent inoculation the nematodes from 
sand were isolated and counted. This number was deducted from the initial inoculum level of the 
subsequent population (i. e , 500 larvae) and thus the actual number of larvae penetrated was 
determined. Plant weights were also taken. Root-knot index was rated as : 0=no galling, 
1—light galling, 2 = moderate galling, 3 = heavy galling and 4 «severe galling. The data gathered 
are presented in Table I. 
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TABLE I 
Influence of duration of infection and initial inoculum density o/Meloidogyne incognita on laryal 
penetration of the subsequent population and on the root-knot development and root 
weight of tomato 
Duration of pre-
infection (days) 
0 
10 
20 
L. S. D.<at5%level) 
L. S. D. (at 1% level) 
Initial inoculum 
density 
0 
50 
500 
5000 
50 
500 
5000 
Weight of roots 
(g) 
1.26 
1.30 
1.23 
1.08 
0.80 
0.80 
0.70 
0.1050 
0.1439 
Root-knot 
indices 
0 
0 
0.16 
0.33 
0.16 
0.66 
3.00 
0.2206 
0.3022 
% penetration of 
the subsequent 
root-knot 
larvae 
96,3 
96.5 
94.2 
93.8 
94.8 
92.6 
83.4 
0.1050 
0.1439 
Each value is an average .of 6 replicates. 
It is evident from Table I that the larval penetration due to subsequent inoculation 
was reduced in all the initial inoculum levels except in plants with pre-infection period of 10 daya 
inoculated with 50 larvae. Higher initial inoculum levels and longer pre-infection period brought 
about more inhibition of the subsequent inoculum. Similar trend was observed in respect of root 
weight, but the reverse was true with the development of root-knot. It may be presumed that the 
phenomenon of competition was responsible for the inhibition in the subsequent larval penetration 
or perhaps the already established root galls produce certain kinds of chemical, physiological or 
physical barrier. It is also possible that the reduction in root weight or in other words reduction in 
root surface area brought about the poor penetration. 
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INFLUENCE OF CONCOMITANT POPULATIONS OF MELOIDOGrME 
INCOGNITA AND TTLENCHORHTNCHUS BRASSICAE ON THEIR 
DEVELOPMENT AND ON THE GROWTH OF TOMATO 
BY 
M. MASHKOOR ALAM, NAJMUL HASAN and S. K. SEXENA 
Department of Botany, Aligarh Muslim University, Aligarh-202001, India 
Caiapman (1959), Ross (1964), Johnson (1970), Sikora et al. (1972), Jatala & Jensen 
(1972), Estores & Chen (1972), Turner & Chapman (1972) and Gay & Bird (1973) have demons-
trated that the presence of one nematode species adversely affected the penetration, development 
and population build-up of another species of nematode in the same host. On the other hand, there 
are also reports that one species of nematode supported the development and population of other 
species and also predisposed the host to the attack of other species (Jatala & Jensen, 1972 ; Gay 
& Bird, 1973). Synergistic effect of coinhabited nematode species on the plant growth and yield 
has also been observed (Ross, 1964 ; Johnson, 1970, Sikora et al. 1972). The root-knot nematode, 
Meloidogyne incognita and the stunt nematode, Tylenchorhynchus brassicae are concomitant species in 
vegetable fields in Uttar Pradesh and both cause considerable damage to the crops when inoculated 
separately. However, nothing is known about their effect on the growth of tomato if inoculated 
simultaneously. Hence, studies were conducted to determine the effect of concomitant M. incognita 
and T. brassicae on the growth of tomato plants and on the development and the population 
build-up of either species. 
Three-weeks old seedlings of tomato (cv. Marglobe), raised in sterilized soil, were 
transferred to 10 cm clay pots containing 500 g acid-leached and thoroughly washed sand, and 
inoculated with 50, 500 or 5,000 freshly hatched larvae of M. incognita and 500 hand-picked 
(Khan et al., 1972) specimens of T. brassicae, alone or in different combinations. Uninoculated 
plants served as control. There were ten plants for each treatment. About 100 ml of Long 
Ashton complete nutrient solution (Hewitt, 1966) was added to each pot daily. Thirty days after 
inoculation, the plants were uprooted and washed gently. Nematodes were recovered from the 
sand by using Cobb's sieving and decanting technique along with Baerman funnel, and their 
numbers were determined. Plant growth and root-knot indices were also recorded. The latter 
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STUDIES ON THE II^PLUENCE OF MEiJOJDOGYNE INCOGNITA ON THE 
POPULATION OF HOFLOLAIMUS INDICUS AROUND TOMATO ROOTS 
m j n D L RASAN ARD • . •ASHiCOOR A U H 
Department of Botattf. /Uffffrft Mtttfn IMinnftr, Afigarh-202001, India 
(Beeekved Jamitfy 27; Bmiiaet/ falnaur 29. 197S) 
Phyto-nematodes are frequently foumi kt ()o(v*Pe-
cifiexawniiiMies antf mBst«f tham hawe a wide iiott 
range with considerable <Mwtaf». Thi* m f^« ttMMfore, 
lH(kta¥MiMK inMraetiaM batweaB ttemaaWeksuch 
as competition, antagoidMi Of ayMrgiim (Alan and 
Hasan, 1975: Chapman, 1959; Johnson and Nusbaum, 
1970; Sikora et al., 1972). The present paper deals with 
the influence of the root-knot nematode, Meloidogyne 
//>cosr/i/M (Kofoid & White, 1919) Chitwood, 1949, on 
the population of the lance nematode, Hoplolaimus 
indicus Sher, 1963. 
Tomato cv. Marglobe seedlings were raised in 
autoclaved soil and thereafter transferred to 10 cm 
clay post containing 500 g add leached and thoroughly 
washed sand. These seedlings, when three weeks old, 
were inoculated with 50, 500 and 5000 freshly hatched 
larvae of M. incognita and with 500 hand picked 
(Khan et a l , 1972) specimens of H. indicus according 
to the scheme given in the Table 1. Each treatment was 
replicated five times. 100 ml Of Long Ashton complete 
nutrient solution (Hewitt, 1966) was added to each pot 
daUy. After 46 days of inoculation the namatodes were 
isolated f(ooi tha aand and counted. 
It is evident from Table I that the root fnfection 
adversely affected the development of H. indfcus popu-
lation which was more pronounced when M. incognita 
was inoculated 10 or 20 days prior to the inoculation 
of the host. Morover, it was also observed that the in-
hibition of host was directly correlated with the initial 
inoculum level of nematode. The final population of 
H. indicus was increased from 500 to 872, when inocu-
lated alone. Simultaneous inoculation with 50, 600 and 
5000 larvae brought about a change in H. indicus which 
were 892, 786 and 658. In the lowest inoculum level the 
slight increase was not significant. However, at other 
two levels the inhibition was statistically significant at 
5% level. Ten days prior inoculation with 50, 500 and 
5000 larvae significantly restricted the population build 
up of H. indicus to 833, 714 and 596 as compared to 
the control (872). The corresponding figures for 20 days 
prior inoculation were 796, 673 a^d 482. It is clear from 
the above that the highest inhibition in the final popula-
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Eflfect of Disease complexes involving the 
Root-Rot Fungus, Rhizoetonia solani and 
Nematodes on the Growth and water 
Absorption capability of Plants 
MANSOOR A. SIDDIQUI, AKHTAR IIASEF.R AND 
M. MASHKOOR ALAM 
ABSTRACT 
Roots of eggplant cv. Pusa Purple Long, tomato cv. Piisci Ruby, 
chilli cv. NP-46A and papaya cv. Ranchi Dwarf were inocu-
lated with the fiingns and/or the test species- of the nematodes. 
Both the nematodes and the fungus significanthj rcdiwed ilie 
plant growth when inoculated separately, howa-er, a st/nergis-
iic effect was observed in plants inoculated uiih both the 
organisms. Similar trend was noted in case of the reduction 
in water absorption capability of roots. The presence of the 
fungus, an the other hand, had an antagonistic effect on the 
multiplication of the nematodes. 
Introduction 
Viruses, bacteria and fungi are known to inhibit water 
absoqitinn in plants (Jolmston and Nfiller, 1934 ; B;'ver, 1937 ; 
S'immonds, 1939 and Stiibbs, 1947). Recently Alani ct al. 
(1974), Alam and Saxena (1975) and Ismail and Alam (1975) 
have also reported the adverse effect of nematode infection on 
the water absorption capability of plants. However, there is 
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a paucity of iiiforin.ition with respect to tlic water ,il)soi[)lion of 
plants in relation to disease complexes involving ueinatocies 
ami fungi. Hence, the present study was undertaken 
Materials and Methods 
Tlie specimens of the reiiifoiin nematode, Holijlcin liulm 
remjormh Linford and Olivcira and the stunt iiemalotlc, Tijlcn-
chorhijnchus brassicae Siddiqi were isolated fiom the pnie 
ciiltnre maintained in microplots. In case of tiie root-knot 
nematode, Meloidogijiie incogiuld (Kofoid 6c White) C'hitwood 
fresh cggmasses weie taken out from the infected t()tn,.lo loots 
and the larvae liatched from these eu;gmasses wcie used 'liie 
inoculum of the root-iot fungus, l\liizoctoniii solaiii Kulm oiigi-
nally isolated from infected tomato roots, was laisetl in Uichaids 
medium contained in Erlenmejei flasks (Rikci ,iiu! Riker. 
1936). The mycelial mats, lenioved after H d i\ s wiie usi il 
for inoculation. 
Thiee-week-old seedlings of (U!iplaiit C^olan nil niclon-
genu L.) cv. Pusa Puiple Long, tom.ito (LijcotK'isuon IIKOJKI-
licum (L.) Kaisten) cv. Pusa Ruhv, Cliilli (C'(/;)S(n/;/i (iiininiin 
ly.) cv. NP-46A and papaya (Caiua ])a])(iij(i I,) c\ Ilanchi 
Dwarf, laised in sterilized soil, weie tiansplanted in 15 cm 
clay pots containing 1 kg sterih/ed mixture ol soil sand 
compost (7:2-1). These seedhiiiis weie inoculated witli lOOO 
specimens of the nem.itode and/oi 1 g m\celiiim of llic liiuyiis 
Uninoeulated plants served as contiol. Each liealiiu iit w.is 
replicated thrice. After 60 da>s of iiio( illation the pl.ints weie 
upiootcd and w.ished geiill) 'Ihesc pi.nils \ \( ic pi u < d smuK 
in 2.50 ml Eilenmeyer flasks containini; known amounl ol walei 
with the support of cotton plugs. Flasks ha\ mg oiiK cotton 
plugs and water served as control. After 24 homs the lem,lin-
ing cjuantity of water w.is weighed Amount of water lost 
from the control flasks was taken as water lost 1)\ (\a[)or.iti()n 
and was deducted from the amount of watei lost iiom other 
flasks and thus the amount ol water absoibed l)\ (lie loots 
was determined. Weights of plants and the liiial pni)ulation 
of nematodes were also deteimmcd 'Ihe root-knot index, in 
case of plants infected with Meloidogyiie iiitogwiia was rated 
a s : l = n o galling, 2 = liglit galling, 3 = modeiate galling, 4 = 
heavy galling, 5 = sevcre galling 
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Besult 
Tut: ROOT-KNOT NEMATODH: (MKI.OIDOGYNE INCOGNITA) 
In eggplant, tlic weight of plant inoculated witji fungus 
(F), nematode (N) and fungus-f nematode (F-fN) was 11.80 g, 
8.13 g and 6.80 g respectively as against M.9.'5 g in uninocula-
tcd control. The corresponding figures for water absorbed by 
plants were 11.00 g, 5.10 g and 4.S5 g as against 12.50 g in 
control. Root-knot index in F-fN was 3.00 as agaiiist 4.00 
in N. Final population of the nematode in F-fN was 1939 
as against 4561 in N (Table 1). 
In tomato, the weight of plants in F, N and F-fN was 
8.05 g, 3.85 g and 3.50 g respectively as against 10.60 g in 
iininnculated control. The corresponding figures for water 
absorbed by plants were 5.65 g, 4.50 g and 2.20 g as against 
7.15 g in control. Root-knol index in F-fN was 3.50 as against 
4.00 in N. Final population of the nematode in I"-f N was 1931 
as against 2831 in N (Table 1). 
In chilli, the weight of plant in F, N and F-fN was 
2.65 g, 1.75 g and 1.60 g respectively as against 2.95 g in 
iminocnlated control. 'Ihe corresponding figures lor v.ater 
absorbed by plants were 1.60 g, 0.70 g and 0.60 g as against 
3.40 g in control. Root-knot index in plants inoculated with 
F-fN was 3.00 as against 4.00 in N. Final population of the 
nematode in F-fN was 2023 as against 4031 in N (Table 1). 
In papaya, similar trend was observed wlicre the weight 
of plant F, N and F-fN was 15.25 g, 11.50 g and 5.70 g res-
pectively as against 20.10 g in uninoculated plants. The cor-
responding figures for water absorbed by plants were 5.30 g, 
4v20 g and 4.15 g as against 7.00 g in uninoculated control. 
Root-knot index in plants inoculated with F-fN was 2.50 as 
against 4.00 in N. Final population of the nematode in F-fN 
was 388 as against 801 in N (Table 1). 
T H E RENII-ORM NEMATODE (ROTYI.ENCIIUI.U.S RENIIOIIMIS) 
In eggplant, the weight of plant inoculated with fungus 
(F), nematode (N) and fungus-fnematode (F-fN) was 19.10 g, 
17.35 g and 15.00 g respectively as against 25.75 g in unino-
culated control. The corresponding figures for water al)sorbed 
by plants were 12.50 g, 9.95 g and 8.85 g against 19.90 in 
456 
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TABLE 1 
Ellcct of McluUhi'ijne hicoanita and Rhizoctonia solani on the growth and water absorption capability of plants. 
Treatments 
Fresh 
Shoot 
weight (g) 
Root 
Egg plant cv. Piisa Purple Lon;; 
Vninoctdatvil 
Funyus 
Xt'iiuitodi.' 
Fungus + 
Ncniatock' 
L .S .D . ( a t5" 
L.S.D. (at ri 
Tomato cv. 
UiiiiiDLiilaUd 
Fiiiimis 
N'c-matiHk' 
Fungus+ 
NiniatiKlc 
L.S.D. (at 5^ 
L.S.D. (at Vl 
Chilli CL-. SI 
Uninoculattd 
Fundus 
NcnialiHlr 
Fungus+ 
XiniatcKlf 
L.S.D. (at 5'c 1 
L.S.D. (at I'Tl 
Papciija CL. B 
Uninoculattd 
Fungus 
Nfuiatode 
Fungus+ 
.Ncniatodf 
L.S.D. (at 5',-|( 
L.S.D. (at l';l( 
w.r,() 
.S.93 
5.85 
5.60 
level) 
level) 
Ptisd Rnhij : 
S.TO 
6.S5 
2.SO 
2.53 
level) 
level) 
'-IG.A : 
2..a5 
2.25 
L15 
I.-10 
I'vel) 
evel) 
l(;nc7i/ dwarf 
n.oo 
9.45 
8.10 
3.00 
i'\el) 
;-vrll 
4.45 
2.83 
2.30 
L20 
L90 
L2() 
L05 
0.95 
0.(iO 
O.-IO 
0.30 
0.20 
9.10 
5.80 
3.40 
2.10 
Total 
14,.95 
11.80 
(21.07) 
8.15 
(21.99) 
6.80 
(34.62) 
1.224 
1.834 
10.60 
8.05 
(24.05) 
3.85 
(63.68) 
3.50 
(66.98) 
2.692 
4.078 
2.95 
2.65 
(10.17) 
1.75 
(37.29) 
I.GO 
(45.76) 
0.489 
0.741 
20.10 
15.25 
(24.12) 
11.50 
(42.78) 
5.70 
(71.64) 
5.1.39 
7.7S3 
Dry 
Shoot 
4.30 
4.20 
2.00 
1.83 
4.25 
2.70 
2.14 
1.40 
1.90 
0.65 
0.40 
0.15 
4.35 
4.11 
4.00 
2.05 
weight (g) Water absorbed 
Root 
1.60 
0.63 
0.54 
0.47 
0.60 
0.55 
0.40 
0.17 
0.50 
0.45 
0.30 
0.02 
1.91 
1.25 
1.00 
0.45 
Total 
5.90 
4.88 
(17.28) 
2.54 
(56.94) 
2.30 
(61.01) 
0.734 
1.112 
4.85; 
3.25 
(32.98) 
2.54 
(47.00) 
1.57 
(67.62) 
1..346 
2.039 
2.40 
1.10 
(54.17) 
0.70 
(70.83) 
0.17 
(92.92) 
1.101 
1.668 
6.26 
5.36 
(14.37) 
5.00 
(20.12) 
2..50 
(60.06) 
0.979 
1.483 
Ijy plants (g) 
12.50 
11.00 
(12.00) 
5.10 
(59.20) 
4.85 
(61.20) 
3.010 
4.560 
7.13 
5.65 
(20.97) 
4.50 
(.37.00) 
2.20 
(69.23) 
2.716 
4.115 
3.40 
1.60 
(70.59) 
0.70 
(79.40) 
0.60 
(83..35) 
1.468 
2.224 
7.00 
5.30 
(24.29) 
4.20 
(40.00) 
4.15 
(40.71) 
1..370 
2.076 
Final 
ncni 
Soil 
4500 
1900 
27.50 
1850 
4000 
2000 
750 
325 
population of Hoot-knot 
latode larvae Index 
Root 
61 
39 
81 
71 
31 
23 
51 
63 
Total 
4.361 4.00 
1939 3.00 
247.147 0.689 
374.407 1.588 
2831 4.00 
1931 3.50 
134.585 0.387 
203.885 0.893 
4031 4.00 
2023 3.00 
242.253 0.646 
.366.993 1.489 
801 4.00 
388 2.50 
26.917 0.947 
40.777 2.184 
Each value is an aviTage of three replicates. 
In parenthesis are given per-cent reduction over uniiioculated control. 
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control. Final population of the nematode in F + N was 521 
as against 2035 in N (Table 2). 
Ill tomato, the weight of plant in F, N and F + N was 
12.40 g, 8.85 g and 6.65 g as against 13.20 g in uninoculated 
control. The corresponding figures for water aljsorhed by 
plants were 4.20 g, 3.55 g, and 2.65 g as against 5.00 g in 
ct)ntrol. Final population of the nematode in F + N was 435 
as against 2217 in N (Table 2). 
In chilli, the weight of plant in F, N and F + N was 2.10 g, 
1.70 g and 1.40 g respectively as against 2.95 g in uninoculated 
control. The corresponding figures for water absorbed by 
plants were 2.66 g, 1.66 g and 1.60 g as against 3.10 g in 
control. Final population of the nematode in F + N was 385 
as against 714 in N (Table 2). 
In papaya, similar trend was observed where the weight 
of plant in F, N and F + N was 26.27 g, 15.25 g and 14.40 g 
respectively as against 30.50 g in uninoculated control. The 
coirespoiuling figiives for water absorbed by plants were 4.15 g, 
2.65 g and 2.05 g as against 5.35 g in control. Final ])opula-
tion of the nematode in F + N was 336 as against 370 in N 
(Table 2). 
Tilt: STUNT NKMATODIC (TVI.KNCIIOKHYNCIU'S IJUASSICAE) 
In eggplant, the weight of plant inoculated with fungus 
(F) , nematode (N) and fungus + nematode (F + N) was .5.30 g, 
4.00 g anil 3.40 g respecti\'e!y as against 8.70 g in uninocula-
ted control. The corresponding figures for water absorbed by 
plants were 13.40 g, 11.60 g and 8.20 g as against 16.00 g in 
.control. Final population of the nematode in F + N was 1790 
as against 2380 in N (Table 3). 
In tomato, the weight of plant in F, N and F + N was 
10.15 g, 7.65 g and 5.10 g respectively as against 14.70 g in 
uninoculated control. The corresponding figures for water 
absorbed by plants were 6.00 g, 3.00 g and 2.00 g as against 
6.95 g in control. Final population of the nematode in F + N 
was 1880 as against 2760 in N (Table 3). 
In chilli, the weight of plant in F, N and F + N was 
3.40 g, 2.35 g and 1.90 g respectively as against 3.90 g in 
iminoculated control. The corresponding figures for water 
absorbed by plants were 2.00 g, 0.70 g and 0.30 g as agiiinst 
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TABLE 2 
rcnifoniiis and lUiizoctonia jo/niii on the gioivth and Water absorption 
capuhilitij of plants. 
Treatments 
l-"iesli 
Shoot 
Egc )>lant cc. /'i/vo I'lniile Lonii : 
Uninoeulatetl 
runtius 
Xematodt' 
l"llIIHUS + 
Nematode 
L.S.D. (at 0% 
L.S.D. (at IJ 
To'uato cc. 
Uninociilated 
Fiinviiis 
Nematode 
Fungus + 
Nematode 
L.S.D. (at 5^ 
L.S.D. (at 12 
level) 
level) 
I'lisa 
level) 
level) 
Chilli cc. \l'-l(i.\ 
Uninocnlaled 
Funizus 
.Nematode 
Fiin.i;iis + 
Nematode 
L.S.D. (at 57 1 
L.S.D. (at 111 
evel) 
eve!) 
I'lipcUiii IV. Ihinrhi 
Um'noculated 
Fungus 
.Nematode 
Fungus+ 
Nematode 
L.S.D. (at oSI 
L.S.D. (at IS 1 
Each value i 
level) 
level) 
s an : 
In parentln-sts are 
18.00 
15.00 
13.35 
10.05 
Rlihij : 
11.70 
10.90 
7.75 
5.65 
2.35 
1.55 
1.50 
1..30 
Du:<irf : 
19.50 
12.27 
11.25 
lO.fio 
ivcrage of three 
Kiven per-eent 
weight (g) 
Hoot 
7.75 
4.10 
4.00 
3.95 
1.50 
1.50 
1.10 
1.00 
O.RO 
0.55 
0.20 
0.10 
17.00 
4.00 
4.00 
3.75 
replica 
Total 
25.75 
19.10 
(25.82) 
17..35 
(32.62) 
15.00 
(41.74) 
5.139 
7.785 
13.20 
12.40 
(6.06) 
8.85 
(32.95) 
6.65 
(49.62) 
1.615 
2.447 
2.95 
2.10 
(28.81) 
1.70 
(42..37) 
1.40 
(52.54) 
0.5.38 
0.810 
.36.50 
26.27 
(28.02) 
15.25 
(58.21) 
14.40 
(60.54) 
7..341 
11.121 
tes. 
Dry 
Shoot 
3.30 
2.80 
2.00 
1.90 
2.65 
2.50 
2.00 
1.90 
2.90 
0.85 
0.70 
0.50 
2.40 
2.15 
2.10 
2.10 
reduction over miinoculati 
weight (g) 
Hoot 
0.79 
0.33 
0.27 
0.23 
0.15 
0.80 
0.40 
0.30 
0.10 
0.07 
0.04 
0.02 
2.34 
2.20 
1.00 
0.95 
.'d contr 
Total 
4.09 
.3.13 
(23.17) 
2.27 
(27.47) 
2.13 
(47.92) 
1.077 
1.631 
4.80 
3.30 
(31.25) 
2.40 
(50.00) 
2.20 
(54.17) 
1.248 
1.891 
2.00 
0.92 
(54.00) 
0.74 
(63.00) 
0.52 
(74.00) 
1.250 
1.894 
4.72 
4..36 
(7.83) 
3.10 
(.34..32) 
3.05 
(35..38) 
1.150 
1.742 
ol. 
Water absorbed 
!)>• plants (g) 
iy.90 
12.50 
(.37.18) 
9.95 
(50.00) 
8.85 
(55.25) 
5.163 
7.822 
5.00 
4.20 
(16.00) 
3.55 
(29.00) 
2.65 
(47.00) 
1.167 
1.768 
3.10 
2.66 
(16.54) 
1.66 
(46.45) 
1.60 
(48.38) 
1.468 
2.224 
5.35 
4.15 
(22.42) 
2.65 
(50.46) 
2.05 
(01.68) 
1.052 
1.594 
Soil 
2000 
500 
2200 
400 
700 
350 
350 
; ^ 5 
Final popu 
nematode 
Root 
35 
21 
17 
35 
14 
.35 
20 
11 
lation ol 
Total 
2035 
521 
83.198 
126.038 
2217 
435 
95.433 
144.573 
714 
385 
22.023 
33.363 
370 
336 
12.2:35 
18.535 
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2.30 g in control. Final popnlation of the nematode in F + N 
was 1640 as against 2360 in N. (Table 3). 
In papaya, the weight of plant in F, N and F + N was 
16.80 g, 13.80 g and 11.90 g respectively as against 22.40 g in 
iininocniated control. The cf)rrcsponding fignre.-s for water 
absorbed by plants were 5..'50 g, 3.85 g and 2.20 g as against 
7.00 g in control. Final popnlation of the nematode in F + N 
was 1965 as against 2590 in N (Table 3). 
Discussion 
It is clear from the resnlls presented above and in Tables 
1—3 that the growth of plants was adversely clfecled when 
inoculated with the root-rot fiingns {Rhizoctonia soUini) or 
either of the root-knot nematode {MeloUlogiine incogmla), the 
reniform nematode (Rotijlenchuhts reniformis) and the stnnt 
nematode {Tylenchorliynchtts hmssicae). The plant damage 
became more pronounc(;d when the fnngns was inoculated 
alongwith either of the test species of the nematodes. These 
pathogens also adversely effected water absori^tion in plants. 
Further, it was also observed that the reduction in plant weiglit 
was directly correlated to the reduction in water absorption. 
It is reported that the poor absoqition of water by plants in-
fected with fungi and nematodes is due to injury in roots or 
due to deformation, chocking or disruption in the arrangement 
of tracheary elements (Subramanian and Saraswathi Devi, 
1959; Alam et ah, 1974 ; Alam and Saxcna, 1975 and Ismail 
and Alam, 1975). These possibilities can not be ruled out in 
the present study. The root weight was reduced in infected 
plants. In this way, total surface area of roots was also re-
duced. This may be the another reason by which the water 
absorption capability of roots was impaired. Alisoqition of 
water by roots is also indirectly related to the transpiration of 
water from the leaf. The decreased shoot growth with reduced 
leaf area in infected plants might liave resulted in poor trans-
piration of water and consequently in poor water absorption 
by roots. 
These studies also reveal that growth of the nematode was 
checked by the fungus. This is clear by the reduction in the 
final population of the test species of the nematodes and the 
root-knot index in case of Meloidogijne incognita. These 
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TABLE 3 
Efiect o/ Ttjlencliorhtjnchus bras»cae and RItizoctania solani on ilie growth and water absorption 
capahilitij of plaitls. 
Treatments 
0 ; 
Fresh weight (g) 
Slioot 
£ g g plant cv. Pusa Purple 
Uninociilatod 
Kunmis 
Ni-niatotlc 
Fungus + 
Nematode 
L.S.D. (at 5Z level) 
.L.S.D. (at 1% level) 
Tomato co. Pusa 
Uninoculatod 
Fungiis 
Nematode 
Fungus + 
Nematode • 
L.S.D. (at 5% level) 
L.S.D. (at IS level) 
CIMi cv. KP-46A 
Uninoculated 
Fungus 
Nematode 
Fungus + 
Nematode 
L.S.D. (at 5^ level) 
L.S.D. (at 17 icvei) 
Papaya cv. Ranchi 
Uninoculated 
Fungus 
Nematode 
Fitngu.s + 
Nematode 
L.S.D. (at 57 k-vrl) 
L.S.D. (at 17 level) 
7.40 
4.30 
3.20 
2.80 
Ruhij : 
11.70 
7.65 
5.90 
4.00 
2.25 
2.00 
1.43 
1.20 
Dwarf : 
14.70 
11.70 
9,00 
8.20 
Hoot 
Long : 
1.30 
1.00 
0.80 
0.60 
3.00 
2.50 
1.75 
1.10 
1.65 
1.40 
0.90 
0.70 
7.70 
5.10 
4.80 
3.70 
Total 
8.70 
5.30 
(.39.08) 
4.00 
(54.02) 
3.40 
(60.91) 
2.741 
4.152 
14.70 
10.15 
(30.95) 
7.65 
(47.93) 
5.10 
(65..30) 
4.649 
7.043 
3.90 
3.40 
(12.82) 
2.33 
(39.74) 
1.90 
(51.28) 
0.489 
0.741 
22.40 
16.80 
(25.00) 
13.80 
(38.39) 
11.90 
(46.87) 
4.870 
7..377 
Shoot 
3.40 
2.50 
2.00 
1.10 
3.10 
2.80 
2.00 
1.20 
1.35 
1.30 
1.00 
0.70 
3.40 
2.90 
2.40 
2.00 
Dry weight (g) 
lioot 
1.00 
O.SO 
0.10 
0.20 
1.20 
0..50 
0.30 
0..30 
0.10 
l.on 
O.SO 
0.53 
0.33 
1.80 
1.40 
0.83 
0.33 
Water absorlxxl 
Total 
4.40 
3.30 
(25.00) 
2.40 
(43.45) 
1..30 
(70.45) 
0.808 
1.223 
4.30 
3.30 
(2.3.25) 
2.30 
(46.51) 
1.30 
(69.76) 
0.815 
1.234 
2.:3o 
2.10 
(10.63) 
1..53 
(34.041 
1.03 
(53.31) 
0.387 
. 0,S90 
3.20 
4.30 
(17.30) 
3.25 
(37..50) 
2.35 
(.54.80) 
0.734 
1.112 
by plants (g) 
16.00 
13.40 
(16.2,5) 
11.60 
(27.50) 
8.20 
(48.75) 
2.178 
3.299 
6.95 
G.OO 
(13.66) 
3.00 
(56.83) 
2.00 
(71.22) 
1..370 
2.076 
2.30 
2.00 
(13.04) 
0.70 
(69.56) 
0.30 
(8ti.!)5) 
().26V) 
O.IOS 
7.00 
5.50 
(21.42) 
3.85 
(45.00) 
2.20 
(68..37) 
1.370 
2.076 
Final population ol 
neniatodf in soil 
2380 
1790 
80.751 
122.331 
2760 
1880 
81.483 
123.443 
2360 
lfi-10 
70.960 
1()7..303 
2590 
1965 
53.834 
SI.554 
M_uw>i VUIL4W ij till uv^ia^v, \ji iiiit^t. 1 «^pii\,a(.^ 3. 
In parenthesis are given per-cent reduction over uninoculated control 
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results are in accordance with lliose (if James (196G) anil Kefu-
dat (1969). Even tliough the fungus was antagonistic to the 
nematodes, the damage of phuits was more when both tlie or-
ganisms were concomitant. Tliis is nnderstaniiable h(,'caiisc 
l)()tli tlie pathogens liad their own sljare while damaging tlie 
plants. 
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Cioixibmed E£Fect of Two Nematodes and a Fungus on the 
Growth and Water Absorption Capability of Okrft 
MANSOOR A. SIDDIQUI, AKHTAR HASEEB* and M. MASHKOOR ALAM, 
Department of Botany, Aligarh Muslim University, Aligarh-202 002, India. 
ABSTRACT 
Both the test nematodes viz. Meloidagyne iacogmta and Rotj^endmbis mttfmnis and the root-rot fungus, 
Rhizoelam tolani signifieantly reduced the {dant growth when inoculated separately, however, the reduction 
was raoK pronounced in plants inoculated with the fungus along with either of the nematode. Similar trend 
was noted in case of the reduction in water absorption capability of roots. The nematode multipiicatioa was, 
however, retarded by the presence of the fungus. 
Fungi, bacteria and viruses are known to adversely affect the water absorption capa-
bility in plants (Johnston and Miller, 1934, Simmonds, 1939 and Stubbs, 1947). Recent 
findings of Alam et al. (1974) and Ismail and Alam (1975) also points to a similar effect 
on water absorption capability in nematode infected plants. However, there is paudty of 
information about the water absorption capability of plants where nematodes and fungi 
are involved. Hence, the present study was undertaken. 
MATERIALS AND METHODS 
In case of the root-knot nematode, Meloidogyne incognita fresh eggmasses were obtained 
from infected tomato roots and the larvae hatched from these eggmasses served as ino-
culum. For the reniform nematode, RotyUnchulus reniformis the specimens were isolated 
fit>m the pure culture maintained in microplots. The inoculum of the root-rot ftmgus, 
R^zoctonia solani originally isolated from infected tomato roots, was raised in Richard's 
liquid medium contained in Erlenmyer flasks (Riker & Rifcer, 1936). The mycelial mats, 
removed after 15 days were used for inoculation. 
Seeds of okra {Abelmosthus esculmtus) were sown in 15 cm pots containing 1 kg sterili-
zed soil-manure mixture. After 3 weeks the seedlings were inoculated with 1000 specimens 
of either of the nematode and/or 1 g mycelitxm of the fungus. Uninoculated plants served 
as control. Each treatment was replicated three times. After 60 days of inoculation 
the plants were uprooted and washed gently. These plants were placed singly in 250 voX 
Erlenmeyer flasks containing known amount of water with the support of cotton plugs. 
Flasks having only cotton plugs and water served as control. After 24 hours the remain-
ing quantity of water was weighed. Amount of water lost from the control flasks was taken 
as water lost by evaporation and was deducted from the amount of water lost from other 
flasks and thus the amount of water absorbed by the roots was determined. Weights of 
the plants and the final population of the nematodes were also determined. The root-
knot index in case of plants infected with Meloidogyne incognita was rated on a 0-5 scale 
(Taylor and Sasser, 1978). 
•Present address : Central Institute of Medicinal & Aromatic plants (dMAF-GSIR), P.O. R.S.M. Nagar, 
Lucknow-226 016, India. i 
Accepted for Publication January 20, 1987. 
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form nematode, Ratylenelmlus reniformis 14.44%. There was further reduction in plant 
weight when both nematode and fungus were present. It was 50.55% in case of M. 
incognita + R. soUmi complex and 43.88% in R. reniformis + R. solani complex. Similar 
trend was noted in case of dry weight of okra plants. The reduction in plant weight was 
found correlated with the reduction in water absorption capability of okra roots. Fungus 
alone caused 7.28% reduction in water absorption which was increased to 73.50% when 
the fungus was inoculated along with M. incognita and 60.26% when it was inoculated 
along with R. reniformis. M. incognita alone could inhibited the water absorption by 
51.65% and that of R. reniformis 47.01 %. Thus the results indicate that both the nema-
todes caused greater domage to plants and more inhibition in water absorption than the 
fungus. Moreover, in combined inoculations the nematode multiplication was found 
adversely affected by the presence of the fungus. 
DISCUSSION 
Results presented in Tables 1-2 clearly indicate that the plant growth of okra was 
adversely affected when inoculated with the root-rot fungus or cither of the nematode. 
The combined effect of the fungus with either of the nematode species was more pronoun-
ced on the plants. A similar trend was noticed with respect to the inhibition in water 
absorption capability of roots. I t is reported that the poor water absorption by plants 
infected with fungi and nematodes is due to injury in roots or due to deformation, chock-
ing or disruption in the arrangement of tracheary elements (Subramanian and Saraswathi-
Devi, 1959; Endo, 1971; Swami and Krishnamurthy, 1971; Alam et al., 1974; and Ismail 
and Alam, 1975). These possibilities can not be ruled out in the present case. The root 
growth was poor in infected plants. In this way, total surface area of roots was also redu-
ced. This may be the another reason by which the water absorption was retarded. 
The results also indicate that nematode multiplication and root-knot development 
was retarded by the presence of the fungus. These results are in accordance with those 
of James (1966), and Ketudat (1969). Even though the fungus was antagonistic to the 
nematodes, the plant damage was more when both the pathogens were concomitant. This 
is imderstandable because both the organisms had their own share while damaging the 
plants. 
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EFFECT OF SPINACH MOSAIC VIRUS, ROOT-KNOT AND STUNT 
NEMATODES ON GROWTH OF SUGAR BEET 
by 
Q. A. NAQVI, M. M. ALAM, S. K. SAXENA and K. MAHMOOD 
In experimental plots of sugar-beet {Beta vulgaris saccharifera L.) 
many of the plants were infected with spinach mosaic virus. Some of 
the infected plants were severely damaged and others were not. The 
roots of the most severely damaged plants contained egg masses 
of the root-knot nematode, Meloidogyne incognita (Kofoid et White) 
Chitwood, and the surrounding soil was infested with the stunt 
nematode, Tylenchorhynchus brassicae Siddiqi. There have been sev-
eral reports of interactions between nematodes and viruses (Schlos-
ser, 1962; Bird, 1969; Weischer 1969, 1975; Swarup and Goswami, 
1969; Fritzsche, 1970; Khurana et al, 1970; Goswami et al, 1971, 1974; 
Goswami and Raychaudhuri, 1973; Goswami and Chenulu, 1974; Mayee 
et al, 1974; Mahmood et al, 1974; Naqvi and Alam, 1975) and it 
was therefore thought useful to investigate possible interactions 
between the nematodes and virus affecting sugar-beet in the exper-
iment described here. 
Materials and methods 
Seeds of sugar-beet cv. Katari-6 were sown singly in 15 cm clay 
pots, each containing 1 kg of an autoclaved mixture of soil, sand 
and peat (7:2:1). When the plants were 6 wk old 5,000 hand picked 
(Alam, 1975) T. brassicae or 2,500 newly hatched M. incognita larvae 
were added to some of the pots. Some of the plants were manually 
— 145 — 
46o 
inoculated with spinach mosaic virus either at the time of adding 
nematodes or one or two weeks before to provide the combination 
of treatments and controls shown in Tables I and II, with three 
replicates of each. The experiment was undertaken in an insect-proof 
glasshouse at 25" C + 5" C. Two months after adding the nematodes 
to the plants the fresh weights of shoots and roots were determined. 
The extent of root-knot infestation of the roots was assessed by visual 
observation of galling. Soil populations of nematodes were extracted 
from each pot by Cobb's sieving and decanting method with a mod-
ified Baermann funnel technique (Southey, 1970) and counts were 
made using a stereoscopic microscope. 
Results 
Spinach mosaic virus and M. incognita separately caused a 
reduction in the fresh weight of the plants (Table I). Virus infection 
caused a greater reduction in plant growth than the nematode inoc-
ulum, and had the greatest effect when the plants were infected 
earlier (week 1) than later (week 3). Virus in combination with nem-
atodes resulted in a greater loss in fresh weight of shoots and roots 
than expected by adding together the independent effect of the two 
organisms. Galling per plant as assessed by root-knot index was less 
on virus infected plants than on non-infected ones (Table I) but 
there were more galls per gram of root on virus infected plants (i.e. 
root-knot index related to root weight). 
Similarly, mosaic virus in combination with T. hrassicae resul-
ted in a greater loss of fresh weight than expected from the inde-
pendent effects of the organisms (Table II). At the end of the exper-
iment there were more T. hrassicae in pots with non-virus infected 
plants but population densities per gram of root were similar in 
all pots (Table I). 
Discussion 
The ' synegistic ' effect of spinach mosaic virus in combination 
with M. incognita or T. hrassicae has similarly been observed with 
root-knot nematode and leaf curl virus in tomato (Swamp and 
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INTERACTION BETWEEN TOMATO MOSAIC VIRUS AND MELOIDOGYNE INCOGNITA 
IN TOMATO 
M.MASHKDOR ALAM, A.SAMAD & SUHAIL ANVER 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India 
Root-knot nematode Meloidogyne incognita and tomato mosaic 
virus together caused more damage to tomato p lan ts than alone, 
thereby showing a synergis t ic e f f ec t . Both of «them were antago-
n i s t i c to each o the r . However, dominance of one over the other 
was dependent on the time of i t s establishment in tomato p l a n t s . 
More es tabl ished pathogen caused more inh ib i t ion to the other 
pathogen. 
INTRODUCTION 
There a re s e v e r a l r e p o r t s of i n t e r a c t i o n s of v i r u s e s and 
Meloidop:yne incogn i ta in tomato^ Ly copers icon esculentum M i l l . 
(Swarup & Goswami, 1969; Goswami & Chenulu, 1974; Naqvi e t a l . , 
1979), however, no th ing i s known about the p o s s i b l e i n t e r r e l a t i o n -
sh ip between tomato mosaic v i r u s and M. i n c o g n i t a . Hence, the 
p r e s e n t s tudy was under taken . 
MATERIALS & METHODS 
deedl ings of tomato cv . 'Pusa Ruby', s u s c e p t i b l e to both 
tomato mosaic v i r u s and roo t -kno t nematode, were r a i s ed in 
au toc laved sandy-loam s o i l . Two week old s e e d l i n g s were t r a n s -
p lanted to 15 cm diam. c lay po t s con ta in ing 1 kg s t e r i l i z e d sandy 
loam s o i l mixed with manure. The p l a n t s were mechanical ly i n o c u l a -
ted with sap from v i r u s - i n f e c t e d l eaves of tomato i n phosphate 
buffer pH 7 . 5 , us ing carborundum (500 mesh) as an a b r a s i v e . 
Suspensions of 2-nd s tage j u v e n i l e s ( Jp) o r M. incogn i ta were 
added to the root zone of the p l a n t s a t the inoculum l e v e l s as 
in l^ibles 1 and 2 . Uninoculated p l a n t s served as c o n t r o l . The 
t r ea tmen t s i n c l u d i n g the c o n t r o l , were r e p l i c a t e d f ive t i m e s . 
The experiment was te rmina ted a f t e r two months of i n o c u l a t i o n , 
and p l a n t growth (weight of shoot and r o o t ) de termined. Root-knot 
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index was de tennined on 0-5 s c a l e of ' teylor & Sasse r (Sasser et_ a l . , 
1984), while s o i l popu la t ion of roo t -kno t (J2) was i s o l a t e d by-
using Cobb's s i e v i n g and decan t ing method a long with modified 
Baermann funnel technique (Southey, 1986) . For de te rmin ing the 
v i r u s c o n c e n t r a t i o n in the inocu la t ed p l a n t s , l o c a l l e s i o n b ioassay 
technique of Holmes (1929) was employed. D i l u t i o n of 1:2000 was 
used for a s say ing on l o c a l l e s i o n host Chenopodlum amaran t i co lo r 
Costa & Reyn. 
RESULTS 
Both tomato mosaic v i r u s and roo t -kno t nematode caused a 
s i g n i f i c a n t r e d u c t i o n in the growth of tomato ( l ^ b l e 1 ) . However, 
nematodes caused a g r e a t e r r e d u c t i o n i n p l a n t growth than v i r u s 
and t h i s inc reased with i n c r e a s i n g inoculum l e v e l . Concomitant 
i n o c u l a t i o n s produced a g r e a t e r r educ t ion i n p l a n t growthjfeither 
of the pathogens a l o n e . 
Root-knot development a s wel l a s f i n a l popu la t i on of 
nematode ( J^ ) decreased i n presence of the v i r u s . S i m i l a r l y the 
v i r u s c o n c e n t r a t i o n i n the hos t was adver se ly a f f e c t e d by the 
nematode ( r ab le I ) ; i t decreased with i n c r e a s i n g nematode inoculum. 
A second experiment examined the e f f e c t of concomitant and 
s e q u e n t i a l i n o c u l a t i o n of the t e s t pa thogens . Reduction in p l a n t 
weight was g r e a t e r with s imul taneous i n o c u l a t i o n than with 
s e q u e n t i a l i n o c u l a t i o n s (ifeible 2 ) . There was a g r e a t e r r educ t i on 
in p l a n t growth where nematodes were inocu la ted before the v i r u s 
compared with v i r u s i n o c u l a t i o n before the nematodes. As in the 
f i r s t exper iment , M. incogn i ta caused more damage than the v i r u s . 
Root-knot development was g r e a t l y i n h i b i t e d by the v i r u s , and 
t h i s i n h i b i t o r y e f f e c t g radua l ly decreased with decrease in the 
l eng th of v i r a l i n f e c t i o n (Table 2 ) . Conversely v i r u s m u l t i p l i c a t i o n 
was a l s o adve r se ly a f fec ted by the nematode. Here a l s o decrease 
in the d u r a t i o n of nematode a s s o c i a t i o n g radua l ly eased the s t r e s s 
on the v i r u s m u l t i p l i c a t i o n ('teble 2 ) . 
- 2 -
47 
TkBl£ 1 
Individual and concomitant e f f e c t of tomato mosaic v i rus (V) and 
d i f f e r e n t inocula of Meloidogyne incognita (N^QQ to N.QQQ) on 
nematode mul t ip l i ca t ion , root-knot development, v irus concentra-
t i o n and plant growth o f tomato cv. 'Pusa Rubyl (Values are mean 
of 5 r e p l i c a t e s ) . 
Treatment 
Control 
V 
N 
^500 
flOOQ 
V + NioO 
V * N500 
Shoot 
18.6 
15.7 
13.8 
12.3 
10.1 
11,8 
10,6 
5.7 
C . D . ( ^ 0 . 0 5 ) 
(P-0 .01) 
Plant weight (g) 
Root 
3 . 5 
2.8 
2 .5 
2.2 
2 .0 
2.3 
2.1 
1.9 
Total % reduc-
t ion over 
control 
22.1 
18.5 
16.3 
14.5 
12,1 
14,1 
12.7 
7.6 
3.52 
4.82 
^^  
16.29 
26.24 
34.39 
45.25 
36.20 
42.53 
65.60 
Root-
knot 
Index 
^ 
— 
1.25 
2.50 
4.50 
1.00 
2.00 
3.50 
0.60 
0.83 
Final 
popu-
l a t i o n 
of J2 
per 
pot 
• K 
— 
3576 
7815 
8965 
3095 
6896 
8004 
Virus 
concen-
t r a t i o n 
(No.of 
l o c a l 
l e s i o n s ) 
^ 
74 
— 
— 
-
56 
50 
35 
7 .5 
11.0 
DISCUSSION 
The r e s u l t s show t h a t compet i t ion e x i s t e d between M. 
incogn i ta and tomato mosaic v i r u s when both wer^ p r e s e n t in the 
host p l a n t . S imi l a r a n t a g o n i s t i c behaviour between M. incogn i t a 
and tobacco mosaic v i r u s in tomato has been r epor t ed by Goswami 
& Chenulu (1974) , This i s unders t andab le , because these v i r u s e s 
a r e c l o s e l y r e l a t e d and have been c l a s s i f i e d in a common PTOUP 
of Tobamovirus (Harr ison e_t a l . , 1971). Naqvi e_t aj^. (1979) have 
a l s o observed i n h i b i t o r y e f f e c t of launaea mosaic v i r u s on roo t 
g a l l i n g in tomato caused by M. i n c o g n i t a . 
The r e s u l t s a l s o i n d i c a t e t h a t the dominance of one pathogen 
over the o the r was dependent on the tim.e of e s t ab l i shmen t of the 
pathogen. \Vhen the v i r u s e s t a b l i s h e d f i r s t , the hos t became 
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' un favourab le ' to the o t h e r pathogen (M. i n c o g n i t a ) , and t h i s 
r e s u l t e d in suppress ion of g a l l s produced in r o o t s . On the 
c o n t r a n ' , r o o t ."galling improved in t r ea tments where nematodes 
were inocula ted before the v i r u s . This was a l s o accompanied with 
suppress ion in v i r u s m u l t i p l i c a t i o n . The e s t a b l i s h m e n t t ime-
dependent behaviour of the t e s t pathogens may be due to a l t e r e d 
phys.ioloR;>' of the host as has been suggested by Weischer (1969, 
1975). 
TkBl£ 2 
Effect of indiv idual , concomitant and sequent ia l inoculat ion o f 
development, v irus concentration an 
'Pusa Ruby', (Values ai^ 
Treatment 
Control 
Virus only (V) 
Nematode only (N) 
Both simultaneously 
V 5 days a f t e r N 
V 10 days a f t e r N 
V 15 days a f t e r N 
V 20 days a f t e r N 
V 25 days a f t er N 
V 30 days a f t e r N 
N 5 days a f t e r V 
N 10 days a f t e r V 
N 15 days a f t e r V 
N 20 days a f t e r V 
N 25 days a f t e r V 
N 30 days a f t e r V 
C.D.(P=0.05) ( ^ 0 . 0 1 ) 
I n i t i a l inoculum of M, 
mean c 
Shoot 
18.6 
15.7 
12.5 
8.3 
8 .7 
9 .0 
10.2 
11.0 
11.5 
11.9 
12.6 
13.3 
13.9 
14.2 
14,3 
15.8 
d plant 
if 5 rep l i ca te 
Plant 
Root 
5.4 
4.0 
3 .3 
2.7 
2 .4 
2.6 
3 .0 
3.1 
3 .4 
3 .8 
2 .7 
3 . 0 
3.1 
3 . 2 
3 .5 
3 .9 
incognita " 
we ight 
Total 
24.0 
19.7 
15.8 
11.0 
11.1 
11.6 
13.2 
14.1 
14.9 
15.7 
15.3 
16.3 
17.0 
17.4 
17.8 
19.7 
2.12 
2.86 
1000 Jp 
growth of 
s ) . 
(g) 
% reduc-
t ion over 
control 
17.92 
34.17 
54.17 
53.75 
51.67 
45.00 
41.25 
37.92 
34.58 
36.25 
32.06 
29.17 
27.50 
25.83 
17.92 
per pot . 
tomato cv . 
Root-
knot 
Index 
-
3.50 
1.50 
1.50 
1.75 
2.00 
2.00 
2.50 
2.75 
1.50 
1.50 
1.25 
1.00 
1.00 
0.50 
Virus 
concen-
tra t ion (No.of 
l o c a l 
l e s i o n s ) 
76 
-
59 
58 
53 
51 
50 
49 
45 
64 
68 
72 
78 
73 
76 
6.8 
9.1 
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The combined e f f e c t of the t e s t pathogens on p l a n t growth 
was more than t h a t caused by them a l o n e , thus showing a s y n e r g i s -
t i c o r a d d i t i v e e f f e c t . S imi l a r s y n e r g i s t i c e f f e c t on tomato has 
been caused by M. incogni ta with tomato l e a f c u r l v i r u s (Swarup & 
Goswami, 1969), tobacco mosaic v i r u s (Goswami & Chenulu, 1974), 
and launaea mosaic v i r u s (Naqvi ejb al_., 1979). 
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^EMATODE-VIRUS INTERACTIONS ; A REVIEW 
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There a re t h r ee types of a s s o c i a t i o n s / r e l a t i o n s h i p s of 
phytonematodes and v i r u s e s , v i z . , Eco log i ca l r e l a t i o n s h i p ; where 
p l a n t v i r u s e s a re t r a n s m i t t e d by nematode v e c t o r s , Ba tho lo^ ica l 
r e l a t i o n s h i p ; where v i r u s e s cause d i sease i n nematodes, and 
E t i o l o g i c a l r e l a t i o n s h i p ; where p l a n t v i r u s e s and nematodes 
i n t e r a c t to each o t h e r i n the c a u s a t i o n of p l a n t d i s e a s e . The 
l a s t named category i s a p a r t of e c o l o g i c a l r e l a t i o n s h i p but here 
i t i s t r e a t e d s e p a r a t e l y for conv in i ence . 
In the f i r s t case t h e r e i s unique ca tegory of Dorylaimida 
where the nematodes a c t only as v e c t o r s of p l a n t v i r u s e s (Cadman, 
1963; I ^y lo r , 1971, 1972, 1982; I^mber t i e^ a l . , 1975; Harr ison, 
1977, 1978; Taylor & Brown, 1981; Lamberti & Roca, 1987) . These 
s t u d i e s have a t t r a c t e d much a t t e n t i o n of the s c i e n t i s t s . The 
f i r s t exper imenta l evidence of such an a s s o c i a t i o n was provided 
by Hewitt ejt al^. (1958) t h a t Xiphinema index t r a n s m i t t e d f an l ea f 
v i r u s of g r apev ine . So fa r 22 long idor id and 14 t r i c h o d o r i d 
nematodes have been r epor t ed as v e c t o r s of p l a n t v i r u s e s 
(Lamberti & Roca, 1987) . Among l o n g i d o r i d a e , 11 s p e c i e s a re i n 
the genus Xiphinema, 10 i n Longidorus and 1 i n f ^ r a l o n g i d o r u s . 
while i n Tr ichodor idae , 5 s p e c i e s are i n the genus Trichodorus 
and 9 in Para t r i c h o d o r u s . The IX)ngidorid nematodes t r a n s m i t 
nepovi ruses having i s o m e t r i c p a r t i c l e s c a , 30 nm diam. , and the 
t r i c h o d o r i d nematodes t o b r a v i r u s e s having t u b u l a r p a r t i c l e s of 
mainly two l e n g t h s , 190 nm and 45-115 nm depending the i s o l a t e . 
There a re only two r e p o r t s about v i r a l d i s e a s e s of p l a n t -
p a r a s i t i c nematodes. A v i r u s caus ing s lugg i shness i n the second 
s tage Juven i l e s of r o o t - k n o t nematode Meloidogvne i ncogn i t a 
i ncogn i t a was repor ted by Loewenberg et^ al_. ^1959). These la rvae 
were found incapable of caus ing root g a l l i n g . Though the 
phenomenon of swarming o r congrega t ion of p l a n t - p a r a s i t i c 
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nematodes i n masses i s known i n 13 s p e c i e s , but Ibrahim & Mollis 
(1973) observed a d i seased c o n d i t i o n i n the c u t i c l e of 
Tvlenchorhvnchus m a r t i n i swarmers, which was l a t e r confirmed 
to be due t o a v i r u s (Ibrahim et_ ajL., 1973) . 
The t h i r d type of nematode-virus a s s o c i a t i o n i s t h a t where 
both a re pathogenic t o p l a n t s and sometimes a l s o in f luence each 
o t h e r ' s development. This a s p e c t has been under taken by many 
s c i e n t i s t s both i n India and abroad, though not t o t h e e x t e n t of 
the f i r s t c a t e g o r y , A b r i e f review on the s u b j e c t was provided 
for the f i r s t time by Powell (1971) . Since then t h e r e has been 
a p r e s s i n g need for more d e t a i l e d in format ion on t h i s s i g n i f i c a n t 
a s p e c t . The purpose of the p r e s e n t wr i t e -up i s t o give a 
comprehensive review on the nematode-virus i n t e r a c t i o n s cover ing 
p a t h o l o g i c a l a s p e c t s of p l a n t s . A l i s t of d i f f e r e n t r e p o r t s 
about the s u b j e c t i s g iven i n t a b l e 1 and the d e t a i l s have been 
given i n the t e x t acco rd ing t o the nematode s p e c i e s involved in 
d i f f e r e n t s t u d i e s , 
MELOIDOGYNE INCOGNITA : 
Ryder & Cr i t t enden (1962) observed t h a t r o o t - k n o t nematode 
M, i ncogn i t a a c r i t a caused roo t g a l l i n g i n soybeans wi thout 
a p p r e c i a b l e r e d u c t i o n i n the s i z e while a s t r a i n of tobacco r i n g 
spo t v i r u s causing a bud b l i g h t d i s e a s e i n t h i s hos t had no 
e f f e c t on the iX)ots. However, when both were p r e s e n t t he re was 
ex t ens ive roo t g a l l i n g accompanied with g r e a t r e d u c t i o n in the 
roo t system and a l s o obvious h i s t o p a t h o l o g i c a l changes . 
I n t e r e s t i n g r e s u l t s were obta ined by Osores-Duran (1967) 
while working on tobacco in fec t ed with M, incogn i t a and c e r t a i n 
systemic v i rna se s , e . g . , tobacco r i n g spo t v i r u s , cucumber mosaic 
v i r u s and po ta to v i r u s X, The r e s u l t s sugges t t h a t these 
pathogens do i n t e r a c t w i th in the host but the exp re s s ion of the 
i n t e r a c t i o n appears t o be dependent upon the combination of 
nematode, v i r u s and the tobacco c u l t i v a r invo lved , 
M. incogn i t a was favoured by tomato l e a f c u r l v i r u s i n tomato 
(Swarup & Goswami, 1969), and maize mosaic v i r u s i n maize 
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(Khurana et^ al^., 1970), Combined infect ion with these pathogens 
caused more damage to t h e i r respective hos t s . Gos>irami e^ a l . 
(1974) studied the in t e rac t ion of cowpea mosaic v i rus and 
M, incognita in cowpea, 
Mahmood et, al_, (1974) studied the ef fect of simultaneous as 
well as sequential inoculations of M, incognita and bott le-gourd 
mosaic vi rus on the root ga l l ing in bott le-gourd and tha t of 
M. incognita and b r in j a l mosaic v i rus in eggplant . The provided 
evidence tha t the presence of these v i ruses s ign i f i can t ly enhanced 
root-knot development and tha t i t increased according to the 
period of v i r a l Infect ion in the hos t s . In a s imi lar study 
Naqvi et_ al^. (l977) observed tha t spinach mosaic v i rus in combi-
nation with M. incognita resul ted in a grea ter loss in fresh 
weight of shoots and roots of sugar beet than expected by adding 
together the independent e f fec t of the two organisms thus showing 
a synerg is t ic e f fec t on p lan t growth. Galling per p lant as 
assessed by root-knot index was l ess on v i rus - in fec ted plants 
than on non-infected p l an t s , but there were moire g a l l s per gram 
of root on vi rus- infected plants ( i . e . root-knol; index re la ted to 
root weight). Ifere ga l l ing per p lant gradually decreased with 
increasing ditration of pr ior - inocula t ion of the v i r u s . They 
concluded tha t the r e l a t i ve ly poor mul t ip l ica t ion of the nematode 
might be due to the poor growth of the root system of infected 
p lants ra ther than any d i r e c t e f fec t of v i rus on nematode 
physiology (Naqvi ^ a l . , 1977), They, however,did not en t i r e ly 
discounted a d i r ec t e f fec t because there have been reports 
showing re l a t ive increases of Meloidogyne spp. on v i rus- infec ted 
p l a n t s . In a l a t e r study Naqvi e t al^. (l979a) found tha t launaea 
mosaic vi rus as well as M. incognita were highly pathogenic to 
tomato. Reduction in t o t a l plant weight resu l t ing from dual 
inoculat ions was more than individual e f f e c t s . However, root -
knot index was l e s s in v i rus- infected plants compared with 
v i rus- f ree p l a n t s . Similar r e su l t s were a lso reported by 
Jabr i et_ al, . (1983) working with M. incognita and petunia mottle 
v i rus on Petunia. 
ffeipaya mosaic vi rus and M. incognita together caused more 
damage to plants than e i t h e r of them alone (Naqvi ejt a l . , 1984). 
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The symptoms of papaya mosaic were a lso more severe and prominent. 
However, root-knot development was adversely affected by the 
presence of the v i rus in papaya p l a n t s . In another study Ahmad & 
Naqvi (1980) studied the in te rac t ion of papaya mosaic virus and 
M. incognita in terms of biochemical response to the papaya 
p l a n t s . They compared contents of free amino acids, soluble 
p ro te ins , t o t a l free phenols, free O-dihydroxy phenols and t o t a l 
free acids in the leaf and stem of healthy papaya p lan ts with 
those infected by the v i rus and/or M, incognita, and concluded 
tha t p lan t physiology was great ly disturbed in the combined 
in fec t ion . 
In case of pea, pea mosaic virus caused more damage than 
M. incognita (Husain ejt al^., 1985). They found t h a t behaviour of 
nematode mul t ip l ica t ion as well as root-knot development changed 
with the mode of inocula t ions . Simultaneous inoculat ion with 
nematode-virus and nematode inoculat ion preceding the v i rus 
caused more damage than pr io r inoculat ion with vi rus followed by 
nematodes 10 days l a t e r . P r io r v i rus inoculat ion followed by 
nematodes 10 days l a t e r , produced an inh ib i tory ef fec t on 
nematode mul t ip l ica t ion and root-knot development while simul-
taneous nematode-virus inoculat ion or nematode inoculat ion followec 
by v i rus 10 days l a t e r s ign i f ican t ly increased nematode mul t i -
p l i c a t i on and root g a l l i n g . 
Zinnia plants infected with zinnia mosaic -virus showed more 
suscep t ib i l i t y to M. incognita than v i rus- f ree p lants (Jabr i 
e_t a l . , 1985). These pathogens together caused grea ter damage 
to the p lants than any one of them separately ind ica t ing a 
synerg is t ic r e l a t i onsh ip . 
Anver e t a j . (l987) observed an i n t e r e s t i ng phenominon in 
the l a rva l penetrat ion of M, incognita to the roots of eggplant 
and 'chichinda ' (Trichosanthes anguina) under the influence of 
b r in j a l mild mosaic and turnip mosaic v i ruses respec t ive ly . 
They reported tha t the l a rva l penetrat ion was more in v i r u s -
infected plants than v i rus- f ree p l a n t s . But i t decreased pro-
gressively with the length of v i r a l in fec t ion . 
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The d i f f e r en t i a l behaviour of d i f fe ren t combinations of 
virus-nematode-host could possibly be the r e s u l t of varied 
physio-chemical in te rac t ions between them. This p o s s i b i l i t y was 
explored by many workers. 
In te r re la t ionsh ip between tobacco mosaic virus and M.incognita 
on tomato was studied by Goswami & Chenulu (1974), In simul-
taneous inoculations of both pathogens or when the nematode 
preceded the v i ru s , there was s ign i f i can t reduction in plant 
growth. Number of giant c e l l s with necrot ic c o r t i c a l and vascular 
t i s sues Increased in these combinations, besides the occurrence 
of the nematodes in groups as agains t s ingle nematodes in those 
treatments where nematodes were inoculated singly or when the 
v i rus preceded the nematodes. Nematode population increased 
s ign i f i can t ly in treatments where nematodes preceded the vi rus 
but v i rus mul t ip l ica t ion was inhibited ' . In the reverse inocula-
t ions where virus preceded the nematode, the mul t ip l i ca t ion of 
v i rus was not affected but the nematode population was suppressed. 
Goswami e i al,, (1971 ) found tha t these pathogens caused more 
reduction in vitamin C content of tomato f r u i t s , while Goswami 
e t a l . (1976) studied the uptake and t rans loca t ion of calcium 
and magnesium in tomato plants attacked by M. incognita and 
tobacco mosaic v i r u s , 
Zaidi e^ a l , (1984) studied the ef fec t of tobacco mosaic 
v i rus and M, incognita alone and in simultaneous and sequent ia l 
inoculat ions on d i f fe ren t phosphorus fract ions and t h e i r 
mediating enzymes in Solanum khasianum. They noted a great 
disturbance in the p lants due to these pathogens. Similarly 
Johr i e t a l . (1984) studied the e f fec t of these organisms on 
the nucleic ac ids , proteins and t h e i r mediating enzymes, and 
Ismail ejb al^. (1979) on the carbohydrates of ^ . khasianum. 
In most s tudies per ta ining to M. incognita - v i rus i n t e r a c -
t i o n s , only plant damage, nematode mul t ip l i ca t ion /pene t ra t ion 
and root-knot development have been inves t iga ted . Recently 
Alam ejb ad, (unpublished data) have a l so studied, besides the 
above parameters, the fate of v i rus in the host infected with 
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the nematode. They found out tha t the concentration of tomato 
mosaic v i rus in tomato decreased in presence of M, incognita 
and t h i s decrease was progressively more with increase in the 
inoculum level of the nematode. Conversely the v i rus a lso 
inhibi ted the f inal population of the nematode (reproduction 
fac tor ) as well as the root-knot index. In the sequent ia l 
inoculat ions i t was observed tha t the time in t e rva l in the 
establishment of the two organisms was an important fac tor a t 
l e a s t in the mul t ip l ica t ion of the two organisms. Virus mul t i -
p l i c a t i on was s ign i f ican t ly reduced in treatments where vi rus 
inoculat ion followed nematode inoculat ions and a l so in the 
treatments where nematode followed v i rus inoculat ion by 5 days. 
The nematode ga l l formation was s ign i f i can t ly more in a l l the 
treatments where v i rus followed nematode inoculat ions and a lso 
where nematode followed virus inoculat ions upto 10 days. Tomato 
plants under the influence of both the nematodes and the v i rus 
showed re ta rda t ion in d i f fe ren t growth parameters. 
Some inves t iga t ions were also carr ied out to study the 
tox ic i ty of water ex t r ac t s of v i rus- infec ted plants to 
M. incognita (Khan e^ al^., 198Aa,b; Jabr i e t al . . , 1985). Leaf 
ex t r ac t s of Zinnia elegans. Phlox drummondii. Datura metel, 
Lycopersicon lycopersicum. Daucus caro ta . Raphanus sa t ivus and 
Petunia hybrida infected with zinnia mosaic, phlox mosaic, datura 
mot t le , tomato leaf cu r l , ca r ro t mot t le , radish mosaic and 
petunia mottle/petunia leaf cur l (a s t r a i n of tobacco l eaf cu r l ) 
v i ruses respect ively were more inhib i tory to lai*val hatching 
of M. incognita than leaf ex t r ac t s of v i rus- f ree p lants 
(Khan e t a l . , 1 9 8 ^ ) , However, these saps showed three d i f ferent 
pa t te rns of nematicidal ac t ion to the second stage Juveniles of 
M. incognita (Khan e^ al , . , 1984b): (a) leaf ex t r ac t s of Datura. 
radish, tomato and ca r ro t infected respect ively with datura 
mott le , radish mosaic, tomato leaf cur l and car ro t mottle vi ruses 
had d i s t i n c t l y more nematicidal property than the healthy leaf 
ex t rac t s of the same p lan t s , (b) healthy leaf ex t r ac t s of 
Zinnia and Phlox were almost twice as nematicidal as t h e i r 
corresponding diseased sap, and (c) leaf ex t rac t s of vi rus-free 
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Petunia was ha l f as nema t i c ida l as the sap obta ined from e i t h e r 
pe tun ia l e a f c u r l v i r u s - o r pe tun ia mot t l e v i r u s - i n f e c t e d 
l e a v e s , J a b r i et_ al_. (1985) a l s o r epo r t ed t h a t l e a f e x t r a c t s of 
v i r u s - f r e e Zinnia p l a n t s were twice a s t o x i c t o M, i ncogn i t a 
l a rvae a s those from z innia mosaic v i r u s - i n f ec t ed p l a n t s . 
There are two r e p o r t s r ega rd ing the i n t e r r e l a t i o n s h i p 
between M, incogn i t a and mycoplasma l i k e organism (MLO) caus ing 
l i t t l e l e a f d i s ease i n e g g p l a n t . There was marked r educ t ion in 
the popu la t ion of nematode i n MLO-infected p l a n t s wi th maximum 
reduc t i on i n the t r ea tmen t where nematode succeeded MLO by 3 wk. 
Seve r i t y of l i t t l e l e a f d i s ease symptoms were suppressed by the 
nematode. Thus they ac t ed a n t a g o n i s t i c a l l y t o each o t h e r i n 
r e s p e c t to nematode m u l t i p l i c a t i o n and MLO symptoms though they 
caused s y n e r g i s t i c e f f e c t on p l a n t growth (Dhawan & S e t h i , 1977) . 
In ano the r study Dhawan & S e t h i (1976) compared the l i f e h i s t o r y 
of M, incogn i t a i n MLO-infected and noninfec ted p l a n t s . In both 
cases the l i f e cycle was completed i n same p e r i o d , l a r v a l 
p e n e t r a t i o n , number of females produced, number of eggs per 
eggmass were more i n MLO-free p l a n t s , " 
MELOIDOQYNE JAVANICA : 
Bird (1969) s t ud i ed the e f f e c t of tobacco r i n g spo t v i r u s 
(TRSV) and tobacco mosaic v i r u s (IMV) on the p e n e t r a t i o n and 
growth of M. . javanica . He noted t h a t TRSV i n f e c t i o n f a c i l i t a t e d 
more p e n e t r a t i o n of the nematode i n the roo t s of beans but the 
presence of "DVIV d id not in f luence the number of nematodes 
e n t e r i n g the tomato p l a n t . Growth of the nematode was not 
a f f e c t e d by TRSV but the nematodes grew mor^ r a p i d l y i n 1MV-
in fec t ed p l a n t s , 
Goswami & Raychaudhuri (1973) noted t h a t tobacco mosaic 
v i r u s (IMV) in f luences the h o s t - p a r a s i t e r e l a t i o n s h i p of 
M. .javanica and tobacco . They observed higher nematode popu la t ion 
in roo t s and s o i l s of TMV-infected p l a n t s , and a l s o maximum 
s y n e r g i s t i c i n t e r a c t i o n between IMV and M, .javanica t o the tobacco 
p l a n t s when both pathogens i n f e c t the host s imul taneous ly , 
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I n t e r e s t i n g results were ob ta ined by Walker & Wallace (1975) 
while working on tobacco r i ng spo t v i r u s (TRSV) and M.javanica 
i n I l l a t i o n to growth and minera l con ten t (phosphorus, c h l o r i n e , 
copper , manganese and z i n c ) of french beans . Marked d i f f e r ences 
i n minera l con ten t s and s tun t ed growth of v i r u s - i n f e c t e d french 
beans revea led t h e i r i n t o l e r a n c e to TRSV, while M. . javanica-
in fec t ed p l a n t s were t o l e r a n t t o i n f e c t i o n as no d i f f e r ence was 
de t ec t ed between nematode- infected p l a n t s and the un infec ted 
c o n t r o l s . Although p l a n t s i n o c u l a t e d with both v i r u s e s and 
nematode c o n s i s t e n t l y dev ia ted most from c o n t r o l s t h e r e was no 
evidence of a s t a t i s t i c a l l y s i g n i f i c a n t i n t e r a c t i o n of the 
combined i n f e c t i o n on the bean p l a n t s (Walker & Vfeillace, 1975) . 
MELOIDOOfNE 3pp. t 
F r i t z sche (1970) repor ted t h a t a r a b i s mosaic v i r u s and 
cucumber mosaic v i r u s i n h i b i t e d Meloidogyne s p . while brome g ras s 
mosaic v i r u s and po ta to Y v i r u s had no s i g n i f i c a n t i n f l u e n c e . 
Mayee e t al_, (1974) s tud ied i n t e r r e l a t i o n s h i p of l e a f c u r l 
v i r u s and roo t -kno t inc idence caused by Meloidogyne s p . i n some 
tomato h y b r i d s . S u s c e p t i b i l i t y and s e v e r i t y of i n f e c t i o n of the 
v i r u s v a r i e d both between p a r e n t s and the hyb r id s , but t he re 
was always h i ^ inc idence of r o o t - k n o t i n f e s t a t i o n in severe 
v i r u s i n f e c t i o n , 
HETERODERA SCHACHTII : 
Not much s t u d i e s were made on the p o s s i b l e i n t e r a c t i o n 
between p l a n t v i r u s e s and c y s t nematodes, Goffart (1956) and 
Sch los se r (1962) recorded s i g n i f i c a n t reduction i n p l a n t growth 
and inc rease i n popu la t i on of H. s c h a c h t i l i n s imul taneous 
i n f e c t i o n with bee t yel lows v i r u s (Beta v i r u s 4) i n suga r b e e t . 
PRATYLENCHUS ZEAE : 
S y n e r g i s t i c e f f e c t of maize mosaic v i r u s and P . zeae on 
maize p l a n t s was repor ted by Math et, a l . ( l 9 7 8 ) . There was a 
s i g n i f i c a n t l y enhanced e f f e c t of these pathogens on maize p l a n t 
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when inoculated simultaneously or when the nematode preceded the 
v i rus by one week, 
ROTYLENCHULUS RENIPDRMI3 : 
R, reniformis infect ion caused an increase in the r ep l i ca t ion 
of cowpea chlorot ic mottle v i rus in soybean, though there was no 
s ign i f ican t difference in plant growth characters (Bus t i l lo , 1972). 
Population density of R. reniformis was s ign i f i can t ly much 
grea ter in the rhizosphere of okra plants infected with yellow 
vein mosaic v i rus compared with v i rus- f ree plants (Sivakumar & 
Meerzainudeen, 1973). 
Mult ipl icat ion of R. reniformis increased in b r in j a l mosaic 
v i rus- infec ted eggplant . I t was progressively more when p lants 
were inoculated with the v i rus p r io r to the nematode (Naqvi & 
Alam, 1975). However, on the other hand, marigold mottle v i rus 
inhibi ted the mul t ip l ica t ion of R, reniformis on c h i l l i (Naqvi 
e t a l . , 1978). 
TYLENCHORHYNCHUS BRASSICAg : 
Final population of T, brassicae great ly improved in presence 
of b r i n j a l mosaic v i rus on eggplant (Naqvi & Alam, 1975) and 
spinach mosaic v i rus on sugar beet (Naqvi e^ a l . , 1977). Spinach 
mosaic v i rus in ccwnbination with T. brassicae resul ted in a 
grea ter loss of fresh weight of sugar beet than expected from 
the independent e f fec ts of the organisms (Naqvi e_t al_., 1977). 
However, marigold mottle v i rus had adverse ef fect on the repro-
duction of 2» brassicae on c h i l l i (Naqvi et_ a l . , 1978). In case 
of meli lotus mosaic v i rus conf l ic t ing r e s u l t s were obtained 
(Naqvi ejt a l , . , 1979b). The f ina l population of T. brassicae 
increased when virus was inoculated 10 days p r io r to the 
nematode, but decreased in simultaneous inoculat ions and a lso 
when the v i rus was inoculated 10 days a f t e r the nematode 
inoculat ion (Naqvi e t a l . , 1979b), Here greater loss in plant 
weight of cabbage was seen in the combined infect ion than in 
the single in fec t ions . 
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DITYLSNCHUS DIPSACI : 
Popula t ions o f D. d i p s a c l were g r e a t l y decreased i n tobacco 
p l a n t s i n f ec t ed with tobacco mosaic v i r u s (Vfeischer, 1969) . He 
suggested t h a t a l t e r e d physiology of the p l a n t s due t o the v i r u s 
were r e spons ib l e for reduced m u l t i p l i c a t i o n of the nematodes. He 
a l s o r epo r t ed t h a t i n s p i t e of the low f i n a l popu l a t i on of the 
nematode the i n h i b i t i o n i n p l a n t growth caused by the combined 
i n f e c t i o n was lonexpectedly h igh . This imp l i e s t h a t p l a n t damage 
caused by a combination of the v i r u s and the nematode i n g r e a t e r 
than would be expected when e i t h e r pathogen i s p r e s e n t a lone 
(Powell , 1971) . ' 
In ano the r s tudy , 1/feischer ( l975) got f u r t h e r evidence t h a t 
the nega t ive or p o s s i t i v e in f luence of a v i r u s on the nematodes 
i s due t o the v a r i o u s p h y s i o l o g i c a l changes caused i n a p l a n t and 
no t to a d i r e c t in f luence on the nematodes which i n g e s t the v i r u s 
p a r t i c l e s t o g e t h e r with the c e l l c o n t e n t s . He observed t h a t 
d i f f e r e n t v i r u s e s d i f f e r e d remarkably i n t h e i r r e s p e c t i v e 
in f luence on D. d i p s a c i on tobacco , e . g . , tobacco mosaic and 
tobacco r a t t l e v i r u s e s prevented them from normal popu la t i on 
i n c r e a s e , while be l ladonna m o t t l e , a r a b i s mosaic and tomato 
b l a c k r i n g v i r u s e s supported nematode m u l t i p l i c a t i o n . Tomato r i ng 
spo t and raspber ry r i n g spot v i r u s e s could decrease nematode 
m u l t i p l i c a t i o n marg ina l ly (Weischer, 1975). 
Weischer ' s views a l s o got suppor t from the f ind ings of 
F r i t z sche ( l970) who observed i n h i b i t i o n i n D, d i p s a c i popu la t ion 
by a r a b i s mosaic v i r u s i n p e t u n i a , which was however, found 
suppor t ive to the nematode on tobacco by Vfeischer ( l 9 7 5 ) . Thus 
the change in host a l t e r e d the behaviour of the v i r u s v i s - a - v i s 
D. d i p s a c i . I ^ i t z s che ( l970) a l s o noted i n h i b i t i o n i n nematode 
popu la t i on by cucumber mosaic v i r u s i n cucumber whereas p o t a t o 
Y v i r u s and brome g r a s s mosaic v i r u s had no v i s i b l e e f f e c t on 
the nematode, 
APHELENCHDIDES RITZEMABOSI 
The popu la t ion d e n s i t y of A. r i t z emabos i was 8096 l e s s i n 
tobacco p l a n t s i n f e s t e d with tobacco mosaic v i r u s than i n v i r u s - f r e e 
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p l a n t s (Vfeischer, 1969) . There was a s y n e r g i s t i c e f f e c t of these 
organisms i n caus ing r educ t i on in p l a n t growth. La te r , Weischer 
(1975) expanded the s tudy with f ive more v i r u s e s . Pour v i r u s e s 
v i z . , tomato b l a c k r i n g , tobacco mosaic, tobacco r a t t l e and 
raspber ry r i ng spo t had a nega t ive e f f e c t on popu l a t i on deve lop-
ment of A, r i t z e m a b o s i . while a r a b i s mosaic v i r u s suppor ted i t . 
Tomato r i ng spo t v i r u s i n s i g n i f i c a n t l y reduced nematode m u l t i p l i -
c a t i o n . He thus concluded t h a t the v i r u s e s in f luence nematode 
m u l t i p l i c a t i o n i n d i r e c t l y through caus ing changes i n the physiology 
of the host (Vfeischer, 1969, 1975) . 
TRICHODORUS ALLIUS : 
T. a l l i u s i s a v e c t o r of tobacco r a t t l e v i r u s . However, 
i n f e c t i o n of t h i s v i r u s i n tobacco p l a n t s caused much h igher 
p o p u l a t i o n bu i l d -up of T, a l l i u s (Ayala & Al len , 1966) . Thus in 
t h i s case the r e l a t i o n s h i p i s both e c o l o g i c a l and e t i o l o g i c a l . 
MIXED NEMATODES : 
Review of a v a i l a b l e in format ion , a s recorded above, r e v e a l s 
t h a t i n t e r r e l a t i o n s h i p s of d i f f e r e n t v i r u s e s were s t u d i e d with 
s e l e c t e d nematode s p e c i e s under c o n t r o l l e d c o n d i t i o n s . Though 
i t i s wel l known t h a t nematodes do not occur i n mono-pathogenic 
c o n d i t i o n i n n a t u r e . In i ^ c t more than one s p e c i e s u s u a l l y 
i n f l i c t a p l a n t a t a t i m e . This i s more so with s o i l i n h a b i t i n g 
nematodes. Khan e_t a l . . (unpublished d a t a ) have s t ud i ed the 
in f luence of yel low v e i n mosaic v i r u s on the n a t u r a l popu la t ion 
of p l a n t ~ p a r a s i t i c nematodes a s s o c i a t e d with okra , e . g . , 
Hoplolaimus i n d i c u s . Pfe l i c o t y l e n c hus i n d i c u s . Rotvlenchulus 
r e n i f o r m i s , Tylenchorhynchus b r a s s i c a e , Tylenchus f i l i f o r m i s , 
Meloidogyne incogn i ta and Hemicriconemoides mangi fe rae . V i r u s -
in fec t ed p l a n t s harboured s i g n i f i c a n t l y more phytonematodes than 
v i r u s - f r e e p l a n t s , however, the re was no q u a l i t a t i v e d i f f e rence 
i n occurance of nematode s p e c i e s , 
CONCLUSION 
I t i s abundant ly c l e a r from the above review t h a t cons iderab le 
work has been c a r r i e d out on the i n t e r r e l a t i o n s h i p s between 
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L i s t of s t u d i e s on nematode-virus and nematode-mycoplasma l i k e 
organism (MLO) i n t e r r e l a t i o n s h i p s on d i f f e r e n t p l a n t s . 
Nematode/Virus, MLO Host Reference 
Meloidogyne s p p . : 
Arabis mosaic v i r u s Petunia 
Cucumber mosaic v i r u s Cucumber 
Leaf c u r l v i r u s Tomato 
Meloidogyne incogn i t a a c r i t a : 
Tobacco r i n g spot v i r u s Soybean 
Meloidogyne incogn i t a : 
Tobacco r i n g spot v i r u s 
Po ta to v i r u s X 
Cucumber mosaic v i r u s 
Tobacco mosaic v i r u s 
Tobacco mosaic v i r u s 
Tobacco mosaic v i r u s 
Tobacco mosaic v i r u s 
Tobacco mosaic v i r u s 
Tomato l e a f c u r l v i r u s 
Tomato mosaic v i r u s 
Launaea mosaic v i r u s 
Bo t t l e -gourd mosaic 
v i r u s 
Turnip mosaic v i r u s 
Spinach mosaic v i r u s 
Cowpea mosaic v i r u s 
Pea mosaic v i r u s 
Papaya mosaic v i r u s 
Maize mosaic v i r u s 
Pe tunia mot t l e v i r u s 
Zinnia mosaic v i r u s 
B r i n j a l mosaic v i r u s 
B r i n j a l mild mosaic 
v i r u s 
Mycoplasma l i k e organism 
Meloidogyne .javanica : 
Tobacco r i n g spo t v i r u s 
Tobacco r ing spo t v i r u s 
Tobacco mosaic v i r u s 
Tobacco mosaic v i r u s 
Tobacco 
Tobacco 
Tobacco 
Solanum khaslanum 
Solanum khasianum 
Solanum khasianiM 
Tomato 
Tomato 
Tomato 
Tomato 
Tomato 
Bot t l e -gourd 
Tr ichosanthes 
anguina 
Sugar b e e t 
Cowpea 
Pea 
Papaya 
Maize 
Petunia 
Zinnia 
Eggplant 
Eggplant 
Eggplant 
F ^ n c h beans 
Beans 
Tomato 
Tobacco 
Fr i t z sche ( l970) 
F r i t z sche (1970) 
Mayee e t a l . . (1974) 
Ryder & Cr i t t enden 
(1962) 
Osores-Duran (1967) 
Osores-Duran 11967) 
Osores-Duran (1967) 
I smai l e t a l . ( l 9 7 9 ) 
J o h r i e r " a r r ( l984) 
Zaidi e l aT . (1984) 
Gos wamT"&"TThe nulu 
(1974) 
Goswami e t a l . ( l 9 7 1 , 
1976) " ~ 
Swarup & Goswami(l969) 
Alam e t a l , ( i n p r e s s ) 
Naqvi e ^ al^. ( l979a) 
Mahmood e t a l . (1974) 
Anver et_ a l . (1987) 
Naqvi e t a l . ( l 9 7 7 ) 
Goswamr"er"a 1 . (1974 ) 
Husain e F ' a r r ( l 9 8 5 ) 
Naqvi eT'aTT (1984) 
Khurana e r ' a l . ( l 9 7 0 ) 
J a b r i e t a l 7 " ( l 9 8 3 ) 
J a b r i eT aT . (1985) 
Mahmood eF"al_. (1974) 
Anver e_t al_. (1987) 
Dhawan & S e t h i (1976, 
1977) 
Wfeilker & W&ll4ce(l975) 
Bird (1969) 
Bird (1969) 
Goswami & 
Raychaudhuri (1973) 
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TABLE 1 (Contd.) 
Nematode/Virus,MLO Host Reference 
H9terodera s c h a c h t i l : 
Beet yel lows v i r u s 
(Beta v i r u s 4) 
Beet yel lows v i r u s 
(Beta v i r u s 4) 
Pra ty lenchus zeae : 
Maize mosaic v i r u s 
Rotylenchulus ren i fo rmis 
Cowpea c h l o r o t i c mot t l e 
v i r u s 
Yellow ve in mosaic v i r u s Okra 
Sugar bee t 
Sugar b e e t 
Maize 
Soybean 
B r i n j a l mosaic v i r u s Eggplant 
Marigold mot t le v i r u s C h i l l i 
Tylenchorhynchus b r a s s i c a e : 
B r i n j a l mosaic v i r u s Eggplant 
Spinach mosaic v i r u s Sugarbeet 
Marigold mot t le v i r u s C h i l l i 
Me l i l o tus mosaic v i r u s Cabbage 
Di tvlenchus d i p s a c i : 
Tobafico mosaic v i r u s Tobacco 
Tobacco r a t t l e v i r u s Tobacco 
Tomato r i n g spo t v i r u s Tobacco 
Tomato b lack r i n g v i r u s Tobacco 
Raspberry r i n g spot Tobacco 
v i r u s 
Belladonna mot t le v i r u s Tobacco 
Arabis mosaic v i r u s Tobacco 
Arabis mosaic v i r u s ' Petunia 
Cucumber mosaic v i r u s Cucumber 
Aphelenchoides r i t z emabos i : 
Tobacco mosaic v i r u s 
Tobacco r a t t l e v i r u s 
Tomato r i n g s p o t v i r u s 
Tomato black r ing v i r u s 
Raspberry r i n g spo t 
v i r u s 
Arabis mosaic virus 
Trichodorus allius : 
Tobacco 
Tobacco 
Tobacco 
Tobacco 
Tobacco 
Tobacco 
Tobacco Tobacco rattle virus 
Mixed nematodes : 
Yellow vein mosaic virus Okra 
Goffart (1956) 
Schlosser (1962) 
Nath ei al.. (1978) 
Bustillo (1972) 
Sivakumar & 
Meerzainudeei 
Naqvi & 
Naqvi e t a l . (1978) 
!n( l973) 
Alam (1975) 
Naqvi & Alam ( l975) 
Naqvi e t a l . (1977) 
Naqvi eT aT. (1978) 
Naqvi eT aT. (1979b) 
Weischer 
Weischer 
Weischer 
Weischer 
Weischer 
Weischer 
Weischer 
(1969.1975) 
1975) 
(1975) 
1975) 
(1975) 
(1975) 
(1975) 
F r i t z sche (1970) 
F r i t z sche (1970) 
Weischer (1969,1975) 
Weischer (1975) 
Weischer 
Weischer 
Weischer 
(1975) 
(1975) 
(1975) 
'vfeischer (1975) 
Ayala & Al len ( l966) 
Khan e_t al^. ( in p r e s s ) 
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v i r u s e s and nematodes. Ffew r e p o r t s a re a l s o the re on nematode-
mycoplasma l i k e organism (MLO) combine. But most of the s t u d i e s 
have been undertaken with r e s p e c t t o the r e l a t i o n s h i p s between a 
s i n g l e v i r u s and a s i n g l e nematode s p e c i e s , though in na tu i ^ 
they seldom occur i n t h i s s t a t e . So more r e s e a r c h e s a re needed 
i n tfi is sub j ec t under n a t u r a l c o n d i t i o n s . 
Much a t t e n t i o n has been given to r o o t - k n o t nematodes, 
p a r t i c u l a r l y Meloidogvne incogn i t a and M. . javanica. and i t i s 
s u r p r i s i n g t h a t ano the r impor tant group of cys t nematodes has 
been r a t h e r ignored . Many virus-nematode combinations which 
f r equen t ly occur i n na tu re a re s t i l l awa i t i ng to be e x p l o r e d . 
Most of the s t u d i e s have been confined t o the e f f e c t of 
v i rus-nematode combinations on p l a n t growth and t h a t of v i r u s e s 
on nematodes; l i t t l e a t t e n t i o n has been paid to the r eve r se 
s i t u a t i o n , i . e • the e f f e c t of nematodes on v i r u s m u l t i p l i c a t i o n . 
This i s a s i g n i f i c a n t a s p e c t of the problem, which must be 
under taken to Judge the a c t u a l ' i n t e r a c t i o n ' between these 
organisms . 
I n t e r e s t i n g l y v i r u s e s behave d i f f e r e n t l y in d i f f e r e n t hos ts 
a g a i n s t the same s p e c i e s of the nematode. These p o s i t i v e and 
nega t ive in f luences have been a t t r i b u t e d to the d i f f e r e n t i a l 
p h y s i o l o g i c a l r e a c t i o n s between the v i r u s e s and the h o s t s . 
More r e s e a r c h e s , however, a r e needed t o give more indepth i n f o r -
mation on the behaviour of v i r u s e s towards nematodes and v ice 
ve r s a . 
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ABOUT THE BOOK 
The nematodes are small mul t icel lu lar invertebrate animals w i th 
rather simple body organization. They occur in unimaginable numbers, 
in all kinds of habitats and are considered second only to insects in their 
k ind, characterist ics and in the total number of species. As parasites of 
man, animals and plants they are of considerable medical, veterinary and 
agr icul tural importance. The plant parasite nematodes are serious l imi t ing 
factors in agr icul tural product iv i ty . The lasses they incur, both in f ie ld 
and quali ty of the produce, are enormous. As nematodes parasit ize mainly 
the underground parts of plants their control is far more d i f f i cu l t than 
those of insects or other kinds of pathogens. The chemical control measures 
though ef fect ive are unfavourable in terms of cost-benefi t rat io and are 
also highly risky and injurious to human and animal health and the environ-
ment. Of the various non-chemical control means that are possible, bio-
control is fast emerging as a promising, safe and cost-ef fect ive remedy 
for the nematodes. The biological control of nematodes has many possi-
b i l i t ies, all these aspects and prospects have been dealt at length for the 
f i rs t t ime ever in this book. The contr ibutors have vast experience of 
research on the subject ranging f rom several years to decades. 
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PREFACE 
The significance of nematodes as serious pests of crops and limiting factors in a^cul-
tural productivity dawned upon mankind rather late. When the world awakened'tq] 
challenges of economic rehabilitation after the second world war, increasing agricultural 
productivity was an important comideration. Bcteosive mono-culturing Ittd led to 
oonnderable depletion of crop yields due to steep rise b the population levels of all kinds 
of peato, the nematodes being the £ore-mo«t. This naturally raited Cor adoption of control 
measures on a large scale. Taking clue from the sister diseifdines of entomobgy and {dont 
pathology simitar methods like cultural, physical, regulatory, chemical control, etc were 
tried Some of theae proved useful in certain situations, others cumbersome and often 
too expensive to merit consideration for application on a targe scale. Although cultural 
control methods appeared promising but, in most instonecs, the co-operation from the 
termers considered extremely essential was not £orth-ooming. Chemkai oontrol has its 
merits but the cost of nematicides, difficulty in availability, their toidc effects in the soil 
and ground water and on the plants hove put a serious question mark on their utility. 
Recently many countries of the workl have either banned or are restricting the use of 
chemicals because of the environmental hazards. 
The limitation or failure of the conventional methods hove stepped up^  in recent 
years, the scorch for alternative methods of controL This has brought to light two rather 
vciy exciting and promising possibilities-the creeping systems and the biological controL 
Both these control strategies ore environment oriented and aim at the suppression of 
nematode populations to manageable limits. It is imperative that in order to successfully 
apply either of the two methods, on in-depth knoo^ge of the pest, its host plant and 
the environment inhabited by both is obtained. The preaent book is devoted eacclusivety 
to the second aspect, te., biobgical controL Though at preaent it may appear to be Ear 
from being practical but suchprogrammea have beentuceetafully applied iaentoaaoiogy 
and there being no reaaon why they can not succeed ia aematology. 
Nematodes, like all other organiatni, have many Umitifig ageatt-paraaitet, 
predators, enenoy plants, etc., which help ia keepiag a aatural check oa their populatioe 
levels. When aematodee assume the ttatut of a pest, it it esaentially the result of a tteep 
unchecked rise ia their papulation iadicatiag the failure of the aatagoaistie orgaeiaaM 
to couater-act this rise. The remecty, therefore, lies ia iatrodueiag artifieialty iato that 
eooiystem a parasite, predator or some other ageats or by takiag measures to eahaace 
their existiag population levels. 
Our aim in preparing this book is not to offer any ready-made solution for 
biological contrt^ of plant parasitic nematodes as none reaUy exists to<iay. It is, ia fact, 
a humble attempt to focus attention to some of the poaaibiiitiea that are there. I a the end, 
we sincere^ hope that the book would generate interest for further reaearch in this 
direction so as to achieve a break-through, sooner or later. 
M. Shamim Joirajpuri 
M. Mashkoor Atom 
Irfcn Ahmad 
- 1 -
503 
BIOLOGICAL CONTROL OF NEMATODES 
— AN INTRODUCTION 
M.SHAMIM JAIRAJPURI & M. MASHKOOR ALAM 
Depanmcnis of 21oology &. Botany, 
Aligarh Muslim Universiiy, Aligaih - 202002, India. 
The world of plants and animals shows great diversity consisting of millions of living 
species and many millions more which have become extinct. Individuals of different 
species do not live in isolation but form groups or popubtions which are collection of 
individuals of a species inhabiting the same area at a given point of time. This aggregation 
or proximity is indeed useful for the species in many ways, particularly in reproduction 
and in maintaining population levels. Even species do not live in isolation, they co-exist 
and interact with other species of plants and animals forming a community. Species in 
the community are held together by their feeding interactions, similar environmental 
requirements and dependence on one another. 
Interaction between plants and plants, plants and animals and between animals 
and animals is a phenomenon that has been occuring since the very beginning of organic 
evolution. Such interactions and dependency, essential for meeting energy requirements, 
have given rise to varied feeding types, of which parasitism and predation are very 
important. The parasites living in or on a host are physiologically dependent on it for 
food, while the predators feed by killing and consuming their prey. The plants, with 
some exceptions, manufacture their own food and usually do not depend on other 
organisms for their requirements. The animals obtain food from plants and/or 
other animal species, either living or dead. Parasitism and predation are not restricted 
to any particular group of animals but have evolved independently in several groups, 
e.g., protozoans, helminths, arthropods, some vertebrates. In any ecosystem, the 
NEMATODE BIO-CONTROL; ASPCCTS & PROSPECTS (Eds.— iM.S. J.irajpuri. MJ^. Alam 
& I. Ahmad). CBS Publishers & Disinbuiors, Delhi, India. 1990. 
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presence of both the parasites and ihc predators is very essential to keep a check on the 
population levels of their host and the prey, respectively. 
Due to the alarming rise in human population the arable land near the townships 
is being increasingly used to meet demands for more housing, schools, hospitals, office 
buildings, factories, etc. On the other hand to feed the teeming millions more and more 
virgin land has to be brought under cultivation resulting into serious ecological imbalan-
ces. The economic growth, it appears is proving too expensive for the mankind in terms 
of environmental degradation. This may be detrimental to many existing species of the 
biotic community which may gradually decline and ultimately disappear yielding their 
place either to species which previously did not occur in that environment OT to the rising 
populations of the surviving species. Some species which thrive in the changed ecosystem 
may be harmful, parasitic/pathogenic to crop that has been grown. A gradual build-up 
in their population levels, usually because of extensive mono-culturing, may cause serious 
damage to the crop. Such harmful species assume the status of a pest if the damage due 
to them exceeds the economic threshold level. 
Beside bacteria, viruses, fungi, insects etc., the nematodes are regarded as impor-
tant pests of our agricultural and horticultural crops. They are distributed all over the 
world in different kinds of habitats. Their success in all types of biospheres is related to 
their varied feeding mechanisms, e.g., microphagous, saprophagous, phytophagous, 
carnivorous, predaceous. The nematodes, as is now well known, cause severe diseases 
not only to the plants, but also to animals including man and the losses may run into 
billions of rupees annually. A poor country like India or for that matter any country of 
the world, cannot afford such a collossal loss. The recent researches, particularly in the 
field of plant nematology, have focussed more attention on the economic losses to our 
crops due to nematodes and the tremendous efforts that are now being made to control 
these important pests. 
The control of nematodes is far more difficult than any other kind of pest because 
they inhabit soil and usually attack the underground parts of plant. When crops show 
poor growth and become less productive on account of nematodes, the farmers, because 
of their ignorance, consider this as some sort of 'soil sickness' and usually take wrong 
measures which cause them further loss of money and effort. Though, many methods for 
controlling nematodes have been devised only some have proved effective, others only 
partially effective or ineffective. Chemical control for nematodes has proved generally 
effective, but the majority of these chemicals, known as nematicides, are highly expensive 
and often very risky to use. Some of these like Nemagon which were first considered 
highly promising for controlling all types of nematodes proved extremely harmful for the 
plant and animal life and were ultimately banned. The chemical control for nematodes 
is, in fact, practicable only in very limited situations. By and large all kinds of nematicides 
are highly toxic not only to the plants but also to the soil microfauna and flora resulting 
into ecological imbalances that are very difficult and sometimes impossible to be res-
tored. 
The nematode control measures may either be corrective (e.g., chemical) or 
preventive (e.g., cultural), but the biological control has both these possibilities. It may 
be preventive in the sense that it can help in evading the disease, but if the disease has 
-5-
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already set in, the malady can be corrected by reducing the population density of the 
pest. Biological control with reference to plant parasitic nematodes is thus a means of 
promoting organisms that arc harmless to the plants but attack and destroy those 
organisms which are harmful to the plants. Many bio-control agents can be employed for 
this purpose. In the past few decades some work has been done on the 'enemy plants' 
and these have jTroved successful in controlling the nematodes. Certain members of 
G ramineae, mustard, rocket salad, and species of A iporagus, Tagetes, and more recently 
neem and other members of the Meliaceae deserve special mention in this regard. The 
root diffusates of these plants act either as repellents or as mild nematicides. Trap 
cropping or early maturing varieties of crops have also been useful in either suppressing 
nematode populations or evading the disease. Micro-organisms like bacteria and fiingi 
attack nematodes and because of their higher growth rate may serve as promising 
bio-control agents. 
Different kinds of organisms, like protozoans, earthworms, arthropods, etc., 
live in soil. Some of these are harmful to our crops while a few are beneficial. All 
soil-inhabiting nematodes are not pests of crops, many are fee-living and some feed by 
predation. Predaceous nematodes feed mainly on other kinds of nematodes including 
plant parasitic nematodes, besides some other soil microfauna. The predatory 
nematodes abound in all types of soils and hence are considered promising bio-control 
agents. In addition to predaceous nematodes, some soil arthropods particularly the mites 
are known to feed on nematodes and could be considered effective agents in their 
control. The earthworms, by their feeding activity can reduce, to some extent, the 
population levels of soil inhabiting nematodes. The latter, due to their soft bodies, 
are killed as they pass through the alimentary canal of earthworms. Some protozoan 
species are also known to parasitize and kill nematodes, but this takes place in 
nature on a rather limited scale. 
From the foregoing account it would be evident that the biological control of 
nematodes or any other type of pest is basically an ecological problem which calls for a 
thorough understanding of the ecosystem. Nature has provided mechanism for regulating 
population levels of all forms of life in order to maintain stability of an ecosystem and to 
enable different kinds of organisms to fulfil their energy requirements and live in 
harmony. While the rate of reproduction and the natural death are important factors in 
population regulation, the parasites and/or predators and other antagonistic organisms 
also play a very significant role. However, first of all a lot of research has to be done 
on all these aspects for developing an understanding of the complex inter-relationships 
between the pests and the likely agents of their bio-control before any programme can 
be devised. Though biological control has been successful in a limited number of cases 
in the sister disciplines of entomology, plant pathology and insect nematology, it has 
remained by and large, a theoretical approach in plant nematology, at least for the time 
being. This should not sound too discouraging because the biological control programme 
unlike chemical or physical control methods is a long time strategy. Many possibilides 
are there and some more will be discovered but how well these could be exploited would 
largely depend on the enthusiasm and the patience of the future nematologists and the 
amount of effort and time that they are likely to spare for this endeavour. 
- 4 -
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NEMATODE CONTROL STRATEGIES 
— PRINCIPLES AND PRACTICES 
M. MASHKOOR ALAM &. M. SHAMIM lAlRAJPURI 
Dqjaitments of Botany and Zoology, 
AUgaih Muslim University, Aligarh- 202002, India. 
Nematodes, the 'unseen' enemies of plants, are ubiquitous. Their recognition as serious 
pests of our crops came rather late. This was due to the fact that usually the lossses caused 
by them were either overlooked or were attributed to some other factors. These tiny 
creatures are now considered the worst enemies of mankind because of the destruction 
they cause, directly or indirectly, to the agricultural and horticultural crops. There is 
hardly any economic crop, and for that matter any plant, which does not have one or 
more nematode species feeding upon it as parasites. The crop losses due to nematode 
pests are not only in the form of reduced plant growth and yield but are also in the 
marketable quality of the produce. 
Some workers have attempted to assess the demage due to nematodes in terms of 
monetary losses. Stapel (1953) estimated that an average annual loss of 5 million Kroners 
was caused due to the cereal root eelworm, Heterodera avenae in Denmark, while 
Globodera rostochiensis. the famous golden cyst nematode of potato, is reported to cause 
an annual loss to the tune of £2 million in U.K. and Wales (Southey & Samuel, 
1954). Other estimations range from $250 million (Hutchinson e/a/., 1961) to $500 
million (Cairns, 1955). The yearly losses to 16 crops estimated by the nematologists 
of the United States Department of Agriculture (USD A) amount to $ 372335,000 
(Taylor, 1967). The Society of Nematologists Committee on crop losses led by J. 
Feldmesser estimated annual losses in U.S.A. in the farm values of the order of $ 1,038, 
NEMATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds— M.S. Jairajpuri, MM. AUm 
Si I. Ahmad). CBS Publishers & Oislribuiors, Delhi, India. 1990. 
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374.300 in field crops, S 225, 145,900 in fruit and nut crops, S 266,989,100 in vegetable 
crops and S 59,817,634 in omamcnial crops due to nematodes (Anon, 1971). More 
recently, a similar Committee led by R .McSorley has reviewed the crop losses on account 
of nematodes in the United States and has given a rather grim picture of the agricultural 
economy (Anon, 1987). Sasser & Frcckman (1987) have guessed that the crop losses due 
to nematodes on a world-wide basis would exceed S 100 billion annually. 
In India also, there are some reports which indicate heavy crop losses due to 
nematodes. Van Berkum & Scshadri (1970) gave, probably for the first time, such an 
account. According to them the seed-gall nematode, Anguina tritici caused S 10 million 
loss to wheat crop, the root-lesion nematode, Pratylenchus coffeae $ 3 million to coffee, 
and the cereal cyst nematode, Heterodera avenae $ 8 million to wheat and barley (in 
Rajasthan province alone) annually. The other reports are mostly confined to root-knot 
nematodes, Meloidogyne spp. It would be quite pertinent to indicate at this juncture that 
the above figures only partially highlight the problem as data for the majority of develop-
ing countries is largely not available. 
The losses caused by nematodes are enormous and warrant efficient control 
measures. Basically these are more or less quite similar to those applied for other crop 
pests such as insects, bacteria, fungi, etc. There are five broad categories of these 
methods, viz, physical, chemical, cultural, biological and regulatory and each has its own 
merits and demerits. However, the nematode control problem is rather very tricky, 
especially because the majority of nematode pests are soil-bome and thereby necessitate 
a careful study of the situation and proper selection of strategy. A complete under-
standing of the behaviour of nematode species involved, the host plant, and the ecological 
constraints is essential before an appropriate method could be applied. It is generally 
believed that the plant parasitic nematodes are difficult pests to combat with, but this 
concept needs thorough checking. The seed-gall nematode, for example, is very easy to 
be controlled, but, if no checks are used it becomes a very serious pest in a very short 
time. The species of cyst nematode pose great difficulty as far as their control is 
concerned, and this may be the case with many other species. An attempt has been made 
in the following to discuss separately the various control possibilities for the plant 
parasitic nematodes and also to assess their feasibility in control programmes under 
different conditions. 
PHYSICAL METHOD 
The physical methods aim at the eradication of nematodes through heat treatments, e.g., 
solarization, steam sterilization and pasteurization of soil, electrical soil heating, short-
wave diathermy, peak-heating and 'cooking-out' of mushnxim composts, hot-water 
treaunents, radiation treatments, uluasonics, washing processes, seed cleaning, etc. 
These aspects have been reviewed by Jenkins (1960), Southey (1965,1978 a) and Maas 
(1987). The role of physical factors in the soil evironment for regulating nematode 
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populations has also been discussed by Oosienbrink (1960), Wallace (1965), Nonon 
(1978,1979), and Jones (1978). 
Physical methods, though very effective on a small scale, are of little value to the 
farmers. This is more so under the third world conditions. Soil solarization is good 
because the solar energy is efficacious against nematodes and weeds and its effects can 
be enhanced by using polythene mulching. However, this type of nematode control is 
limited only to summer months and that too in the tropical and sub-tropical regions of 
the world. There is also the risk of causing mortality to the beneHcial fauna and flora 
inlcuding the natural enemies of nematodes. It may also cause soil erosion due to loss of 
moisture. Other type of heat therapies, that have been mentioned above, have little 
practical value as they require specialized equipments and a high degree of precision 
and skill in their application. Further, these may adversely affect the non-targei or-
ganisms as also the viability of the propagating material. Use of radiation and electricity 
may be risky and hazardous for the operator. However, hot water treatment and washing 
processes may be useful, but on a small scale. 
CHEMICAL METHOD 
During the last four decades or so great improvements have been brought about in the 
use of chemicals for nematode control (Peachey, 1965; van Gundy & Mckenry, 1977; 
Whitehead & Winfield, 1978; van Bcrkum & Hoestra . 1979; Wright, 1981; Hague & 
Gowen, 1987). Their use in the past was intense in areas where the thrust was on 
increasing agricultural productivity and also in those regions where certain crops were 
introduced in new agro-ecosystems. However, in most instances, their use proved lo be 
a short-term solution rather than a long-term strategy. Quite often it was found out that 
the nematode populations increased many-folds soon after the treatment. The fanners 
were actually led on to the so called "pesticide treadmill" (Jatala, 1986). 
The development of highly effective nematicidal chemicals, e.g., DD, EDB and 
DBG? in the 1940's and 1950's relegated research on other aspects to secondary 
importance. However, all this ultimately turned out to be short-lived and futile activity 
when all aspects were considered in totality. Now, for example in U.S.A. none of the 
above chemicals are sold commercially, and many are also not available in other countries 
too for use as these stand banned. They have not been discarded because of any lack in 
the efficacy, but mainly due to the fact that they contaminate ground-water and are 
potentially toxic to human beings. The chemicals are equally hazardous to live-stock, 
plants and also to the beneficial fauna and flora of the soil. Their influence on the 
non-target organisms has caused ecological imbalances which are sometimes difficult to 
be restored. These chemicals may be mutagenic or carcinogenic. However more re-
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search has to be carried out to ascertain these ill effects. In our country, not a long time 
ago, we experienced a catastrophe in the infamous Bhopal tragedy of 1984 due to the 
leakage of MIC (methyl isocynide) gas which was meant for the manufacture of some 
kind of pesticides. It is considered the worst industrial disasters of its kind in the living 
memory of mankind. 
During the last four decades or so the environmental costs of nematode manage-
ment strategies on account of chemicals have become too high. The recent removal of 
some key nematicides from use in several developed countries through regulatory action 
has triggered a search for alternative nematode management strategies. Efforts are being 
made in this direction so that effective non-chemical methods could be evolved with the 
sole aim of reducing nematode populations by using naturally occurring micro-organisms 
which are capable of suppressing population levels of noxious nematodes to safer levels. 
With the advent of 'biotechnology age' the nematologists, all over the world, have 
started looking at nematode control problems in an entirely different perspective. The 
non-chemical contfol strategies are gaining impetus and there is all round optimism. It 
is being thought that the time is not far away when non-chemical control of nematodes 
will become a reality. We are at the brink of a break-through and all of us must make 
concerted efforts to achieve this. 
The above discussion regarding the limitations of chemical control does not mean 
that the nematicides have lost their utihty. In fact, they have at least provided an instant 
and sure method of controlling nematodes, especially for the cash crops. The need of the 
hour is not to abandon the chemicals but to develop ones which do not cause injury to 
the non-target organisms, the host crop, and the environment Some systemic chemicals 
have, in fact, shown such a promise but the search must go on. Recently in the United 
States of America an insecticide, Margosan O has been developed which is a neem 
(Azadirachta indica) based, bio-degradable formulation. It is free from all health hazards 
and does not interfere with non-target organisms. This and similar chemicals, as and 
when develop, will boost our efforts in controlling nematode pests. 
More recently, some antimetabolites and steroids have also been used in nematode 
control but their effectiveness and practicability remains to be established. 
LAND MANAGEMENT AND CULTURAL PRACTICES 
The nematodes can also be controlled, to a large extent, by land management and cultural 
practices such as fallowing, flooding, ploughing, use of disease-free propagating 
materials, prevention of spread, time of planting (Brown, 1978; Norton, 1978), cropping 
(Nusbaum & Ferris, 1973; Brown, 1978; Noe, 1986), use of resistant varieties (Moore, 
1960; Howard, 1965; Howard & Gotten, 1978), and manuring/organic matter amend-
ments (Oostenbrink, 1960; Brown, 1965: Sayre, 1971; Alam, 1976; MuUer & Gooch, 
1982; Siddiqui, 1986). From an ecological point of view these methods are quite useful, 
but unfortunately some of them have one or the other kind of limitations. For instance. 
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fallowing and flooding will result into monetary losses to the farmers, especially when 
they have to go for extensive cultivation. The development of resistant varieties in itself 
is a very lime consuming and costly affair. Moreover, cent per cent success in all kinds 
of agro-climatic conditions can not be guaranteed. Resistance-breaking pathotypes of 
nematode pests and environmental fluctuations some times reduce them to 'non-
entities'. It has also been reported (Jatala, 1986) that new races of nematodes may evolve 
due to selection pressures caused by mono-culturing of the resistant varieties in a 
particular area. The use of organic soil amendments has tremendous potential but more 
research is needed for judiceous selection of amendments. The complete understanding 
of the mode of their action, so very essential for such a selection, remains to be discovered 
and comprehended. Fortunately, more and mwe avenues are gradually unfolding as 
information is accumulating at a rather brisk pace. 
BIOLOGICAL METHOD 
Sewell (1965) defined biological control as "the induced or natural, direct or indirect, 
limitation of a harmful organism or its effects by another organism or group of organisms". 
The definition seems quite logical and could be applied to the biological control of any 
organism, harmful or useful. In accordance with this definition antagonism, host resis-
tance, and tolerance should be considered as pertinent to biological control but resis-
tance is usually treated separately (Norton, 1978). 
Certain insect pests have been controlled successfiiUy with the help of their 
natural enemies and it would be logical for nematologists to consider this as a possible 
means of controlling the plant parasitic nematodes. Cobb (1920) expressed optimism 
about introducing exotic nematode antagonists— "There can be no doubt, however, that 
the enormous losses due to plant-infesting nemas fiilly justify the expenditure of even 
large sums of money in an effort to apply this remedy, more particularly because the 
remedy, when successful, bids fair to be permanent and self-sustaining". 
Biological control includes the use of predaceous or parasitic organisms, such as 
fungi, bacteria, protozoans, viruses, nematodes, tardigrades, turbellarians, collem-
bolans, mites, oligochaetes, enchytraeids, etc. (Sayre, 1971,1980; Webster, 1972; Norton, 
1978; Brown. 1978; Jairajpuri & Khan, 1982; Mankau. 1988 a, b; Kerry, 1980,1981,1984, 
1986. 1987; Jatala. 1986). and enemy and trap crops (Suatmadji. 1969; Sayre, 1971; 
Alam etal., 1976,1977; Brown,1978; Gommers, 1981; Siddiqui, 1986). Biologically active 
chemicals, such as thiophenes, azadirachtin. etc., sometimes play an important role in 
such measures (Gommers, 1981). Microbial decomposition products and metabolites 
which are exudates of animals and plants have also quite a significant role to play against 
the plant parastic nematodes (Sayre, 1971; Alam etal., 1975,1976; Siddiqui, 1986). 
Biological control, in fact, should be considered a skillful manipulation of the 
biosphere against nematode pests for achieving maximum benefits. Though this subject 
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is still in its infancy, the tremendous potential, as demonstrated by recent researches, 
points towards its bright future. It is bound to succeed, sooner or later. At present, 
though it appears rather difficult to artificially raise and introduce nematode antagonists, 
yet it is feasible to create conditions which will increase environmental resistance against 
nematodes. Organic amendments would probably hold the key in such endeavours. 
REGULATORY METHOD 
Probably man himself has chiefly been responsible for spreading plant diseases as is 
evident from numerous instances, e.g., Globodera mstochiensis was introduced in 
Europe, during middle or later half of the I9th century from the potatoes imported from 
South America for breeding purposes, and since then it has spread to Asia, North 
Africa, North and Central America; Radopholus similis was introduced in Australia from 
Fiji between 1890 and 1920 by using infested planting material, i.e., banana. The dissemi-
nation of nematodes, like other pests, can be checked effectively by regulatory control 
quarantines (Southey, 1978 b; Maas, 1987). Plant quarantine may be defmed as an 
endeavour to prevent or limit the spread or introduction of dangerous diseases or disease 
causing organisms. Ii can be accomplished by imposing legal restrictions on the move-
ment of infested plants, fruits, seeds and other propagating materials. Serious efforts in 
adopting statutory regulations by various Governments were initiated in the beginning 
of this century. Several countries have now enacted legislation for checking the entry and 
spread of dangerous pests and pathogens. In India, the first such act—"The Destructive 
Insects &. Pests Act" was passed as early as 1914. N.A. Cobb indeed was a great visionary 
as he had already in 1914 clearly anticipated the importance of regulatory activity in the 
spread of nematode diseases of plants. 
The regulatory control, however, provides a check only on the introduction, or if 
afready introduced on further spread of some pests and pathogens, but it can not 'govern' 
the activity of common nematode species that are already well established in the arable 
lands and are causing extensive destruction to the crops. 
INTEGRATED PEST MANAGEMENT (IPM) 
Though the quality of human life was improved due to better avenues of pest control 
resulting from the chemotechnology revolution soon after the World War II, but it has 
also brought about challenges in the form of high risks to our health, environment, etc. 
Consequently, the integrated pest management (IPM) has evolved as a philosophy and 
technique to correct the problems associated with chemical pest control. IPM does not 
mean mear integration of various control methods but a system approch to reduce pest 
damage below the tolerance levels. It is accomplished by many ways including the use 
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of natural enemies, host resistance, environmental correction, and if necessary, by 
applying chemicals. 
IPM is not a new idea as some of its methodology is quite ancient. The relatively 
new aspects are its application in scientific experimentation and research for evolving an 
integrated and economically feasible approach. For achieving this a clear understanding 
of the biology of crops, pests and their natural enemies is essential. 
PROGNOSIS 
It must be borne in mind that elimination of all nematodes and for that matter any kind 
of parasite, pathogen or pest is impracticable. Although this has been achieved for 
Anguinatritici in Western countries and Australia and the same may also be possible for 
a few more species. It is still possible to derive all the benefits by reducing their population 
levels to safer limits. The concept of 'living with disease' appears to be more practicable 
rather than their eradication. The best control measures are those which reduce the 
disease or disease causing agent (s) with minimum effort and expenditure and which also 
do not alter the ecology of the environ. The deployment of natural antagonists of 
nematodes and adoption of cultural practices hold great promise in this regard. 
Since there is a frequent inter-dependence or active interaction between 
nematodes and other pests, the nematode management must be considered in a wider 
perspective. In future, the latter must be brought within the frame-work of IPM of all the 
pests in a given situation. The various nematode control strategies as discussed in the 
foregoing account are well suited for use in IPM. It can be very well visualized that the 
future strategies in the 21st century will be compatible with IPM. 
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NATURAL ENEMIES OF NEMATODES 
M. MASHKOOR ALAM &. M. SHAMIM JAIRAJPURI 
Departmenu of Botany & Zoology, 
Aligarh Muslim University, Aligarti-202002, India. 
The soil inhabiting plant parasitic nematodes are greatly influenced by soil environment, 
wfiich in turn has two major components-fctottc and abiotic. In the biotic community of 
soil, to which nematodes also belong, there are various levels of ecological relation-
ships. One such relationship exists between the natural enemies of nematodes, which 
serve as nature's mechanism to keep them under check by tending to suppress abnormal 
increases in their populations. However, with disturbances in the ecosystem, in most 
cases by man, the nematodes outsmart these natural antagonists and increase to noxious 
proportions. Some of the recent researches have emphasized the skillfull utilization of 
nematode enemies—induced or introduced—in containing nematodes that are consis-
tently threatening agricultural economy. 
De Bach (1964) has dcfmed biological control as "the action of parasites, predators 
or pathogens in maintaining another organisms' population density at a lower average 
than would occur in their absence". It was further elaborated for plant diseases by 
Garrett (1965) as "any condition under which, or practice whereby, survival or activity of 
a pathogen is reduced through the agency of any other living organism (excq>t man 
himself), with the result that there is a reduction in incidence of the disease caused by 
the pathogen". In case of plant parasitt nematodes, detailed studies on their natural 
control are few, but some general principles have emerged which may well serve as 
guidelines for future exploration and exploitations in this direction. 
NEMATODE BIO-CONTROL: ASPECTS 4 PROSPECTS (Eds.— M.S. Jairajpuri, M-M. AUm 
&. I.Ahmad). CBS Publishers A Distributors, Delhi. India. 1990. 
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The possibility of bio-control of nematodes was first suggested by Lohde (1874). 
This study generated interest in many early scientists (Kiihn, 1877; Zopf, 1888; Cobb, 
1920; Thome, 1927; Linford, 1937; Linford & Oliveira, 1938; DoUfus. 1946; Duddington 
et al., 1956; Duddington, 1957; Loewenberg et al., 1959). but organized and detailed 
studies on this subject commenced in the 1960's only. Biological control of nematodes 
has been the subject of several reviews (Sdyre,1971,1980; Webster. 1972; Mankau,1980a, 
b. 1981; Kerry,1980,1984,1987; Jatala, 1986; Morgan-Jones & Rodriguez-Kabana, 1987; 
Nwdbring-Hertz, 1988). 
Nematode bio-control is still in its infancy though it is much needed and sought 
after measure because of the failure of nematicidal chemicals on many fitonts. It is, 
however, still doubtful whether it could totally replace chemical control, but one thing 
that has definitely emerged is its proper role in all future control programmes like 
Integrated Pest Management (IPM) whether with or without chemicals. Until bio-con-
trol agents are not produced cheaply on commercial scale, the biological control will 
remain within the confines of glass-houses and subsistence farming where the area 
to be treated is small. Besides, the knowledge of ecological behaviour of the bio-
control agent as well as that of the target pest is a must for a successful and satisfactory 
biological control. Most studies have failed to consider the fate ofthe agent after it has 
entered the soil. 
There are three components of biological control—natural. w4iere the agents are 
already present at levels to be sufficient for suppression of nematode development; 
induced, where the agents are already present in the soil and only their activity is 
stimulated by modifying the environment or by applying 'inciters'; and intmduced, 
where the agents have been applied by man. In all these cases the action maybe spec^, 
where one or two known organisms are involved, or non-specific, where the action is 
general. So far, only the specific suppression of nematodes has been demonstrated. 
BIO-CONTROL AGENTS 
There are numerous micro-orpnisms that prey or parasitize on nematodes. They fiall in 
two broad categories—predators and parasites. Among predaceous forms, trapping 
fungi, nematodes, turbellarians, enchytraeids, mites, coUembolans, tardigrades and 
protozoans have been recognized, while endozoic and opportunistic fungi, bacteria, 
protozoans, viruses and rickettsiae have been reported as parasites of nematodes. There 
are botanical enemies too that control plant-parasitic nematodes. 
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PROKARYOTIC PARASITES OF NEMATODES 
Viruses 
Transmission of plant viruses by some species of Xiphinema, Longidorus, Paralongidorus, 
Trichoebrus, and Paratrichodorusis well known. But there are only two reports regarding 
pathogenic viruses on nematodes. Loewenberg et al. (1959) reported a virus disease in 
Mebidogyne incognita incoffiita causing sluggishness of second stage juveniles of the 
nematodes. These diseased juveniles failed to incite root galling. 
The phenomenon of swarming/congregation of plant parasitic nematodes in 
masses is reported in 13 species. Ibrahim & Mollis (1973) noted a diseased condition in 
the cuticle of swarming Tylenchorhynchus martini which was later found to be due to a 
virus (Ibrahim et al., 1973). 
Since many virus diseases of lower invertebrates are known, it seems logical that 
nematodes are also attacked by many viruses causing their natural control. But by 
existing methods of nematode isolation it is very difTicult to get immobile, virus-infected 
nematodes. This fact partly explain as to why so few cases have been reported. 
Rickettsiae 
Rickettsiae, that were observed in Heteroderc^oettingiana and Globodera rostochiensis 
by Shepherd etal. (1973). Walsh (1979) and Walsh etd. (1983a, b). and in H.glycineshy 
Endo (1979), were identical. They were intercellular, minute (1.8 um x 0.4 um), single-
celled, bacterium-like, rod-shaped that multiplied by binary fission. Rumbos etal. (1977) 
have suggested possibility of Xiphinema index transmitting these micro-cvganisms. Not 
much appreciable effect on the host cells was observed due to these rickettsiae. 
Moreover, specialized cellular structures called mycetomes, in which pathogenic ricket-
tsiae multiply in insects, are lacking in the cyst nematodes with which they were found to 
be associated. These facts put a serious question marie on the pathogenic ability of these 
organisms in controlling plant parasitic nematodes. 
Bacteria 
Reports regarding bacterial diseases of nematodes do not distinguish their pathogenic 
or saprophytic nature, because in most of these cases the bacteria have been observed 
within the body cavity, gut and gonads (Dollfus, 1946). The true nature of bacterial 
parasitism on nematodes could be resolved only after rigorous application of Koch's 
postulates (Sayre, 1971). 
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Adams & Eichenmuller (1963) have reported a bacterial disease of Xiphinema 
americanum caused by Pseudomonas deniaificans. Mankau (1980a) reported asociation 
of bacterial symbiotes with ovaries of Xiphinema sp. and Trichodorus sp. These "bac-
teriocytes" were aggregations of bacteria which behaved as a single organism enclosed 
in a host cell or "bacteriotome". However, their importance in bio-control has not been 
established. Banage (1965) reported a bacteriimi, Clostridium pasteurianum affecting a 
free living nematode. 
Pasteurialpenetrans, a prokaryotic obligate parasite of nematodes, has shown great 
promise as potentially significant biocontrol agent. Initially it was described as a 
microsporidian, Duboscqia penetrans by Thome (1940), then renamed as Bacillus 
penetrans by Mankau (1975) who demonstrated its prokaryotic nature by electron 
microsopic studies. Sayre & Starr (1985) later placed it in the genus Pasteuria even 
though it was known to have some Actinomycete-^c properties. 
Pasteuria penetrans has shown excellent synchronization with the developmental 
stages of root-knot nematode and that is why it has proved very virulent. It can 
reduce root-knot population by 99% within a short span of only 3 weeks ^irchfield & 
Antonopoulos, 1916). Its growth rate is very fast as approximately 2.1x10^ endospores 
were observed in a single female of root-knot nematode. It survives for several years in 
an air- dried soil without any loss of viability and the spores can get adhered to several 
types of plant parasitic nematodes. These and many other qualities have put this organism 
in an excellent position as a practical bio-control agent. Due to recent genetic-engineer-
ing and tissue culture researches possibilities now exist for its mass production on comme 
rcial scale 
NEMATODE-DESTROYING FUNGI 
Predaceous Fungi 
Though more attention has been given to this group of nematode antagonists than others, 
yet reports are conflicting and inconclusive regarding their practicability in most cases. 
Most predaceous fungi belong to the form-order Moniliales, while some are members of 
Zoopagales and other orders. The predaceous fungi are provided with either sticky 
traps such as adhesive branches (e.g., Monacrosporium cionopagum), adhesive knobs 
(e.g., Dactylaria Candida), and adhesive network (e.g., Arthrobotrys oligospora), or 
mechanical traps such as constricting rings (e.g., A. dactyloides, D. bembicodes), and 
non-constricting rings (e.g., D. Candida). 
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Endozoic Fungi 
In case of these fungi also few have been considered seriously as potential bio-control 
agents. These fungi represent most of the fungal groups, e.g., Blastocladiales, 
Chytridiales, Lagenidiales, Entomophthorales, Zoopagales, and Moniliales. 
Endozoic fungi kill nematode preys either by adhesive spores (e.g. Meria con-
iospora) which stick to their bodies, or by simple spores (e.g., Harposporiumanguillulae) 
which are ingested by them. 
Opportunistic Fungi 
These are soil fungi and are capable of colonizing nematode reproductive structures 
causing disease to females, cysts and eggs. Most common oppurtunistic species belong 
to the genera Cylindrocarpon, Exophiala, Fusariwn, Gliocladiwn, Paecilomyces, Phoma, 
Torula, and Verticilliunu Some of the species have shown great promise in the bio-control 
of nematodes, e.g., Paecilomyces lilacinus, Verticillium chlamydosporium, etc. 
PREDACEOUS NEMATODES 
Cobb (1920) postulated the use of predaceous nematodes for bio-control of plant-
parasitic nematodes. Since then much researches have been carried out in this field. 
Though many nematodes have shown predacity in vitro, studies on their practical use in 
field are still a matter of speculation. 
Most predaceous nematodes belong to the groups Mononchida (e.g., Clarkus 
papillatus, lotonchus brachylaimus, Mononchus aquaticus, etc.), Dor^imida (e.g., /4c-
tinolaimus sp., Discolaimus sp., Dorylaimus sp., Thornia sp., etc.), and Diplogasterida 
(e.g., Diplenteron sp.,Diplogastersp., Mononchoides potohikus, etc.), but obligatory form 
Seinurasp. belongs to Aphelenchoidea. 
Members of the Dorylaimida are largely omnivorous and feed on fungi, algae, 
nematodes, enchytraeids and other microfauna whereas mononchs feed on nematodes, 
rotifers, protozoans, algae, and fungal spores. Species of Diplogasterida feed both on 
nematodes and microbes. 
Predatory nematodes have either a large open stoma armed with teeth or denticles 
used in seizing and ripping open the prey or swallowing them whole (e.g., Mononchus 
sp.,ButleJriussp.,Anatonchus sp.,Diplogastersp.,Tripyla, etc.), or a pharynx equipped 
with an onchiostyle or stomatostylc for piercing the (e.g. Seinura). 
Seinura spp. can kill even larger nematodes then their own body size due to its 
ability to paralyse the prey with the help of secretions from the dorsal esophageal gland. 
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The chemical is so strong that the prey is immediately immobilized after the insertion of 
the stylet into its body. 
OTHER PREDATORS 
Tardigrades 
They are also known as 'water bears' because they have slow-gaited, pawing manner of 
locomotion. They arc oval in shape and very small in size (less than 1mm long). They 
possess two protrusible stylets and four pairs of legs armed with claws. Sayre (1969) has 
demonstrated the capacity of Hypsibius myrops to feed on plant-parasitic nematodes. 
Several other investigators have also reported predation of plant-parasitic nematodes 
by tardigrades (Hutchinson & Streu, 1960; Doncaster & Hooper, 1961). 
Turbellarians 
These are minute flatworms and are mainly carnivorous. They feed on rotifers, 
nematodes, diatoms, etc. Sayre & Powers (1966) have reported a small rhabdocoel 
flatworm, Adenoplea sp. preying on second stage juveniles of Meloidogyne incognita 
around tomato roots. 
Collembolans 
CoUembolans are amongst the most numerous soil arthropods feeding on dead organic 
matter, fungi, and sometimes on nematodes (e.g., Frieseasp.Jsotoma sp.). Isotoma sp. 
has been reported to have caught a vermiform nematode at one end and easily ingested 
it within 2-3 seconds. Murphy & Doncaster (1957) tested predacity of Folsomia sp.. 
Hypogastrurasp.,Lepidocyrtus sp., Orchesellavillosa,Isotoma notabilis, andOnychiurus 
armatus on cyst nematodes. The last named one was found to feed most voraciously on 
Meter Oder(f:ruciferae. The insect perforates the cyst wall by continuously abrading it for 
6-12 hours. After breaking the cyst wall four or five other insects also enter the cyst and 
devour the nematodes within it (Murphy & Doncaster, 1957). The same insect eats the 
vermiform nematodes transversely without attempting to eat it whole (Gilmore, 1970). 
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Mites 
These constitute another important category of predatory arthropods. Like coUem-
bolans, they are also found in large numbers in soil and show various feeding habits 
including piedation on nematodes (Wallwork, 1967; Muraoka & Ishibashi, 1976). 
Linford & OHveira (1938) reported six different types of mites predating on 
root-knot nematode, while Murphy & Doncaster (1957) found injury on cysts of 
Heterodera due to a mite. Similarly, Inserra & Davis (1983) observed a mite, Hypoaspis 
aculetfer to be predaceous on root-knot and cyst nematodes. 
Sharma (1971) got significant reduction in the population of Tylenchorhynchus 
dubius in the presence of mites alone or in combination with collembola 
More recendy, Mankau &. Imbriani (1978) got evidence of feeding by Lasioseius 
scapulatus (Mesostigmata: Ascidae) on a variety of nematodes including Aphelenchus 
avenae where populations were reduced up to 84-99% by just a few (2-4) mites in only 
10 days. They attributed this bio-control efficiency to rapid multiplication of mites where 
sexual reproduction was completed only in the presence of nematodes within 8-10 days. 
These mites failed to reproduce on fungi or bacteria. 
Enchytraeids 
Jegen (1920) suggested antagonistic nature of enchytraeids against nematodes (cf. Sayre, 
1971). In and interesting study the juveniles of Heterodera schachtii were found to get 
digested by enzymauc secretions of the immature enchytraeids which entered the 
sugarbeet roots. The enchytraeids later ingested the digested products of the nematode 
(Schaerffenberg & Tendl, 1951) and thus a satisfactory control of nematode was achieved 
in a pot trial by adding 150-200 enchytraeids to the soil. This study was however 
challenged by Boosalis & Mankau (1965). They found that the enchytraeids usually do 
not penetrate intact living plant tissues and occur only in decaying roots, whereas H. 
schachtii being obligate parasite can not survive in decaying roots. 
Protozoans 
Weber el al. (1952) observed a predaceous amoeboid organism, Theratromyxa weberi 
(Zwillenberg, 1953) preying on second stage juveniles of Globodem rostochiensis and 
some other nematodes. The orpnism was found to have engulfed the nematode in 20 
minutes to 2 hour by first catching it at one end and then encysted to digest it. Winslow 
& Williams (1957) also reported a similar organism preying on G. rostochiensis and H. 
schachtii. T. yveberi was also reported preying upon Mebidogyne incognita larvae 
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(Paramonov, 1954; Sayre, 1973). But due to its slow rate of spread in soil, non-specific 
predacity on all kinds of nematodes and inability to resist desiccation, T. weberi was 
considered by Van der Laan (1954) as unsuitable bio-control agent to manage G. 
mstochiensis. 
Doncaster & Hooper (1%1) noted that Urostyla sp. can catch nematodes but 
sometimes the prey escaped after destroying the protozoan itself. Similarly, another weak 
predator was also reported by Esser & Sobers (1964). 
ENEMY PLANTS 
There are several plant species that are antagonistic to plant-parasitic nematodes, e.g., 
marigold, Tagetes spp. (Tyler, 1938), mustard, Brassica spp. (EUenby, 1945; Alam et al., 
1976), rocket salad, Eruca sativa (Alam et al., 1976), Asparagus officinalis (Rohde & 
Jenkins, 1958), neem, Azadirachta indica (Alam et a/.,1977), Persian lilac, Melia 
azedarach (Siddiqui & Saxena, 1987a,b), etc. These and many other plants are known to 
release nematicidal principles in their root-exudates, which are capable of killing suffi-
cient numbers of plant-parasitic nematodes. Some of these plants are economic crops 
while others are well suited in various cropping systems. 
Besides enemy crops,, some plants also serve as trap crops. However, these have 
bem successful in case of endoparasitic nematodes only. These crops are of two types. 
In the first type, the plants are susceptible hosts and as soon as the nematode larvae 
penetrate the roots, the plants are uprooted and destroyed. In all such cases the timing 
of uprooting is required to be very accurate otherwise desired results can not be achieved. 
These crops serve as 'magnets' to collect the nematodes infesting the soil. Crotolariaspp. 
is yet another kind of trap crop where nematode larvae penetrate the roots but fail to 
develop any further. These crops, however, are not required to be destroyed but can be 
used as cover crop or as green manure crop. 
ORGANISMS WITH INHIBITORY METABOLITES 
Major bio-control agents are either parasites or predators of plant parasitic nematodes, 
but some other organisms have the capacity of bio-chemically harming them by way of 
producing toxicants which are mostly by-products of metabolism. Some micro-or-
ganisms, on the other hand, act as decomposers of organic residues and release substan-
ces deleterious to nematodes. These metabolites and decomposition products are quite 
comparable to nematicides and thus their producers may be considered as bio-control 
candidates 
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Bacteria 
There are several reports about bacteria which produce nematicidal metabolites. 
Johnston (1959) reported toxicity of culture filtrates of Clostridium butyricum containing 
formic, acetic, propionic and butyric acids to Tylenchorhynchus martini, Rodriguez-
Kabana etal. (1965) foat^ Desulfovibrio desulfuricans responsible for producing H2S in 
enough amounts to control nematodes in flooded rice fields. Walker et al. (1965) 
reported nematicidal nature of culture fluids of some bacteria against Pratylenchus 
penetrans. 
Actinomycetes 
Walker ei al. (1965) obtained toxic effects of culture fluids from actinomycetes on 
Pratylenchus penetrans. A new group of macrocytic lactones, called avermectins, have 
been isolated from Sireptomyces avermitilis (Burg et al., 1979; Miller et al., 1979) and 
found to be highly toxic to nematodes. Garabedian & Van Gundy (1983) used it against 
Mebidogyne incognita attacking tomato and found it ten times more potent than either 
aldicarb or oxamyl. 
Fungi 
Several fungi have been reported for nemato-toxicity of their culture filtrates. James 
(1966) reported that in soil where grey sterile fungus (G.SP.) and Gbbodera rostochien-
sis were present together, population of nematode remained low. He further found that 
the culture filtrate of G.S.F. inhibited larval hatching of G. rostochiensis. Mankau (1969) 
reported nematicidal activity of Aspergillusniger culture filtrates. Alam et al. (1973) also 
observed toxicity of culture filtrates of A. niger, Penicillium corylophilum and some 
other soil fungi to Hoplolaimus indicus, Tylenchorhynchus brassicae and Meloidogyne 
incognita larvae. These culture filtrates were also found to be inhibitory to the larval 
emergence of A/, incognita. These fungi are known to produce toxins and antibiotics— 
malformin, hadacidine, gliotoxin, viridin and penicillin. In a similar study Khan et al. 
(1981) reported toxicity of culture filtrates of nine species oi Aspergjilliis to second stage 
juveniles of M. incognita. These culture metabolites were also noted to be highly in-
hibitory to larval hatch of M. incognita. 
In a recent study Jatala et al. (1985) noted that diffusable metabolites of 
Paecilomyces lilacinus caused egg deformation in M. incognita. Similarly, the metabolic 
products of Penicillium anatolicum brought about abortion of embryonic development 
and female deformity in Globodera pallida (Jatala et al., 1985; Jatala, 1986). Several 
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fungi, e.g., Gliocladium spp.,Trickocladium spp., Trichums spp., Ulodadium botrytes 
and Drechsleraspp. were found inhibitory to larval hatching of G. pallida cysts (Gonzales 
etal.. 19M). 
Animal Exudates 
Timonin (1961) observed that an insect, Scaptocoris talpa protected tomato from root-
knot nematode with the help of an odoriferous and volatile substance produced by it 
Higher Plants 
Root-exudates of many plants have been found to be highly deleterious to plant-parasitic 
nematodes. Suatmadji (1969) reported nematicidal nature of root-exudates of Tagetes 
patula and suggested that the toxic principle is made-up of several components in 
addition to thiophcnes. Similarly, root-exudates of several species of Tagetes were found 
highly deleterious to many plant-parasitic nematodes and inhibitory to larval hatch of M. 
incognita (Alam et al.. 1975: Siddiqui & Alam, 1987a,b, 1988). 
Several cruciferous plants were found to release nemato-toxic substances (Morgan, 
1925; Trifntt, 1929,1930, Ellenby, 1945; Alam etal., 1976). This effect was suggested to 
be due to the presence of isothiocynates in the root-diffusates (Triffitt, 1929, 1930; 
Ellenby, 1925). 
Rohde & Jenkins (19S8) reported that the roots of Asparagus spp. produce a 
nematicidal glycoside. Nematicidal and nemato-static nature of root-exudates of neem 
Aiadirachta indica has been observed by Alam etal. (1975) and Sidiqui & Alam (1989) 
and that of Persian lilac, Melia azedarach by Siddiqui & Alam (1989). 
ORGANIC AMENDMENTS AND BIOCONTROL 
Organic manures have been used for crop improvement by farmers since the advent of 
agriculture. Ancient Greek and Roman writings mention benefits to crops due to 
manuring. American farmers of pre-Columbian times had also used organic matter to 
the soil for obtaining higher yields of maize, potato, etc. However, the beneficial effects 
of organic amendments vis-a-vis nematode diseases became known only in the modem 
times (Singh & Sitaramaiah, 1970; Sayre, 1971; Alam, 1976; Muller & Gooch, 1982; 
Siddiqui, 1986). Initially, it was the finding of Linford (1937) that triggered off the interest 
of many scientists in this field of nematode control. He got significant reduction in 
root-knot population during the decomposition of organic soil amendments. Though the 
concept of nematode control by manuring was given by the scientists of the Western 
countries but much of the actual research on this aspect was carried out in the developing 
-25-
527 
52> 
countries, particularly in India (Muller & Gooch, 1982). It was partly due to the fact that 
promising ncmaticides were easily available in the advanced countries as early as 1940's 
or 1950's and hence alternative methods of control were not tried. The trend changed 
recently and they have now shifted to other methods also. This is largely due to discovery 
that environmental problems are associated with almost all kinds of nematicides when 
they are applied in the field, etc. 
It is now well established that organic soil-amendments effectively suppress 
noxious nematodes, however, to varying extent depending upon the type of organic 
matto", nematode and host plant species involved and the prevailing ecological con-
di^ns. Whenever some organic matter is added to the soil, there occurs an ecological 
succession of micro-organisms. The successive phases of biochemical degradation guide 
and control the orderly arrangement of natural enemies of nematodes. Various theories 
have been put forward to explain the mode of action of organic amendments on 
plant-parasitic nematodes such as: 
1. Change in physical and chemical properties of soil inimical to nematodes. 
2. Release of plant nutrients which accelerate rapid root development and overall 
- plant growth and thus helping the plants to escape nematode attack. 
3. Induction of resistance/tolerance in plant roots against plat-parasitic nematodes. 
4. Nen^o-toxic substances, present in the amendments, are released after dissolution 
in water. 
5. Increase in predaceous and parasitic activity of soil biota. 
6. Toxicants are produced during microbial decomposition of organic amendments. 
7. Metabolites of microbes which become active during decomposition of organic 
amendments are toxic to plant-parasitic nematodes. 
There may be some other means also of nematode control by organic amendments. 
In the above list the last three modes of action of organic additives are partly concerned 
with the bio-control of nematodes. 
Addition of organic matter to soil stimulates microbial activity of actinomycetes, 
algae, bacteria, fungi and other organisms, such as microbivorous nematodes (Webster, 
1972; Sayre, 1980; Rodriguez-Kabana et al., 1987). Linford (1937) and Linford et al. 
(1938) used chopped pineapple (Ananas comosus) leaves as soil amendment and ob-
tained significant control of root-knot nematodes Meloidogyne spp. attacking cowpea 
(Vigna unguiculata) but noticed an increase in the population of saprozoic nematodes. 
They suggested that organic amendments supported microbial and animal species 
inimical to the root-knot nematode. 
Increased microbial activity in amended soil cause enhanced enzymatic activities 
(Rodriguez-Kabana et al., 1983) and accumulation of decomposition end-products and 
microbial metabolites which arc deleterious to plant-parasitic nematodes (Johnston, 
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a/.. 1974;Badraera/.,1979). 
Duddington etal. (1956) added bran and a fungus, Dactylaria ihoumasia to control 
Heteroderaschachtii on beet. The yield was increased in both the cases but reduction in 
nematode population was caused only by the organic matter. However, on the other hand, 
Duddington et al. (1961) noted reduction in the population of H. avenae on oat due to 
stimulation of the predaceous frungi rather than the organic amendment in the form of 
chopped cabbage leaves. 
Chitin and similar mucopolysaccharides are most important nitrogenous substan-
ces which stimulate the microflora capable of degrading the polymer into chitobiose and 
N-acetyl-glucosamine (Mitchell & Alexander, 1961; Muzzarelli, 1977; Rodriguez-
Kabana et al., 1983), which in turn cause deamination of sugar and accumulation of 
ammonia and nitrates (Rodriguez-Kabana ei al., 1983). Chitin amendments greatly 
enhance chitinase and other enzymatic activities due to stimulated chitin-decomposing 
microflora (Mian etal., 1982; Rodriguez-Kabanaera/.,1983; Culbreathefa/., 1985).The 
fungi with chitinolytic ability (e.g., Paecilomyces lilacinus) not only help decomposition 
of chitin amendments but are also important in destroying nematode reproductive 
structures by means of diffusable metabolites (Godoy ef a/., 1983; Rodriguez-Kabana et 
al., 1984, 1987; Jatala et al., 1985; Jatala, 1986). It is partly because chitin or a similar 
material is found in the fylenchoid egg shell (Bird & McClure, 1976) and in the gelatinous 
matrix of root-knot nematode egg masses (Spiegel & Cohn, 1985). 
NATURAL CONTROL OF NEMATODES 
Natural enemies also co-habit plant-parasitic nematodes in the same ecological niche. 
They sometimes become limiting factors in some situations and thus bring about sig-
nificant sui^ressions of nematode populations. Stiriing & Mankau (1977) got evidence 
of natural control of root-knot nematode attacking a highly succeptible variety "Lovell" 
of peaches (Pnmuspersica) in California. They identified the causal organism as a fungus, 
Dactylellabviparasitica. 
In a similar situation Kerry (1982) noted a significant decline in the multiplication 
of Heterodera avenae even when susceptible cereals have been grown intensively in a 
number of European countries. He observed several antagonistic fungi, of which 
Nematophthora gynophila and Verticillium chlamydosporium were the most important. 
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ATTRIBUTES OF A SUCCESSFUL BIO-CO^^^ROL AGENT 
There are large number of natural enemies of plant-parasitic nematodes besides those 
which are still awaiting recognition. However not many among them are successful 
biocontrol agents having desired specific characteristics. Attributes of effective bi(Xon-
trol agents for nematodes are quite similar to those employed against insects and other 
soil-borne plant pathogens. Desirable attributes, which should be taken into acount for 
nominating an agent as a candidate for use in nematode management programmes are 
discussed below. 
1. Safety to non-target organisms 
It should be safe (non-pathogenic) to non-target organisms (e.g., plants, humans, other 
animals), and to the environment. If the nematode enemy is also antagonistic or 
pathogenic to some undesirable weeds, it would be an additional advantage. 
2. Ecological compatibility 
There should be a good ecological compatibility of the bio-control agent with the target 
species of the nematode, so that it works smoothly without any ecological constraint 
3. Temporal compatibility 
There should be a perfect temporal compatibility between the biocontrol agcnl and the 
nematode pest so that there are no gaps of space and time which may alow the pest to 
escape. Their life-cycles should be perfectly synchronized to derive maximum benefits 
of control. 
4. Control potentiality 
It must be able to reduce nematode populations below the damage threshold in a short 
span of time. In other words virulence and persistence of bio-control agent should 
be great so that the populations are contained below the noxious proportions for longer 
durations. 
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5. Environmental adaptability 
It must be able to adapt and tolerate existing and changing environmental conditions, 
both biotic as well as abiotic. 
6. Persistence capability 
It should persist, survive and reproduce in adverse environmental conditions and in the 
absence of host. So it must be adapted to alternate food source also. 
7. Hyperparasitism 
It should not have its own natural enemies. 
8. Dispersal capacity 
It must be able to smoothly and rapidly expand its sphere of influence in space and time. 
9. Biologically competitive 
It should successfully compete with other parasites and predators present or introduced 
in the ecosystem. 
10. Reproductive potential 
It must have high reproductive rate for keeping a high population density. But sometimes 
high reproductivity adversely affect its infectivity because more energy is spent in such 
an activity. So there must be a judiceous balance between reproductive and infective 
potentials. Microbial agents should be able to coloniz^ the soil rapidly. 
11. Searching capability 
Predators should have effective powers of search for prey. 
- 2 9 -
53, 
12. Capacity to produce toxic metabolites 
It should have quality of producing antibiotics or other deleterious metabolites -^hich 
can kill the nematodes or its own antagonists to increase its chances of sur.iN'al and 
infection. 
13. Broad spectrum efTiciency 
Though monophagous organisms arc considered more efficient regulators than 
polyphagous ones, yet the drawbacks are that they (monophagous organisms) allow the 
development and establishment of other noxious nematodes which are not affected. So 
it is desirable that the bio-control agent should be able to harm diverse spectra of 
noxious nematodes. In addition to suppressing nematode populations, it should also be 
able to suppress other pathogens, pest and parasites of economically important crops. 
14.' Culturability 
It could be produced cheaply on commercial scale and in bulk for its use on a mass scale. 
15. Longevity 
It could be stored easily for longer durations without appreciable loss of virulence. 
16. Easy applicability 
It could be applied with ease and should have compatibility with agro-chemicals and 
standard farm pratices. 
CONCLUSIONS 
Though bio-control ofnematodes offer great potentiality, yet its failure on many fronts 
may be due to the impatience of scientists as well as farmers who always desire for instant 
results. An ideal bio-control agent as per qualities listed above may not have been 
discovered yet^ but some of the existing organisms have shown great promise. To name 
a few, fungi ]Sii&VerUcilUumchlamydosponum,PaecilomycesUlacinus,Nematophihora 
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gynophila, Dactylella oviparasitica and Catenariaawdliaris, and bacteria Vik&Pasteuria 
penetrans stand a fair chance to be candidates for effective suppression of plant 
parasitic nematodes. Some of the antagonistic crops like marigold, mustard, rocket-
salad, etc. have also shown fairly good qualities in reducing nematode populations. 
We agree with Jatala (1986) that efforts should continue to locate effective 
bio-control agents in the centres of origin of crops and their pests besides exploitation 
of presently available bio-control organisms. They could be further manipulated with the 
help of genetic engineering for incorporating desirable, characters in them. It may be 
quite pertinent to quote him," the proper and effpient utilization of bio-control 
agents in suppressing nematode populations is a great challenge. Removal of the 
obstacles in achieving our goals can only be attained by dedication, persistence, and hard 
work" (Jatala, 1986). 
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ANTAGONISTIC PLANTS 
M.MASHKOOR ALAM. MANSOOR A. SIDDIQUI &. ANJUM AHMAD 
Dipanment of Bouny, 
Aligarii Muslim University, Aligarfi-2020Q2, Indiju 
Among natural enemies of plant parasitic nematodes, antagonistic plants serve as 
useful tool for biological control. Many of these plants, which are now considered to 
have good nematode control potential, were already being grown in ancient days, though 
for other purposes. For example, marigold was grown by Indian farmers as well as the 
common man since time immemorial for its ornamental value and for religious 
ceremonies. Similarly, there is an age old practice in India of interplanting mustard and 
other Brassica spp. in between the rows of wheat and barley. Likewise in Southem Persia, 
neem trees are planted on the periphery ofcotton fields. The scientific explanation for 
all these practices, however, became known only at later stages and in some cases only 
recently. Now a large number of plants are known to have nematode suppressant 
properties (Suatmadji, 1969; Sayre, 1971; Gommers, 1973; Siddiqui, 1986) and are 
considered promising agents of biological control. These are briefly discussed 
hereunder. 
Compositae 
Tagetes is one such antagonistic crop on which much work has been carried out. Tyler 
(1938) and Steiner (1941) were the earliest in recording resistance of Tagetes spp. to 
Meloidogyne. Berg-Smit (1953) a Dutch narcissus grower, successfully used Tagetes spp, 
NEMATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds.—M.S. Jtirijpuri, MJi4. AUm i I. 
Ahmad). CBS Publishers <fe Dislributon, Delhi, India. 1990. 
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as preceding crop to narcissus for reducing root rot caused by Pratylenchuspenetrans. 
So effective was T. erecta that in the following narcissus crop the yield of bulbs was 
doubled (Slootweg, 19S6). The improvement apparendy resulted because the root 
diffusates appeared to be. in some way, inimical to the lesion nematode. Oostenbrink et 
al. (1957) showed that by growing Tagetes, populations of Pratylenchus sp. could be 
reduced by 90%. Sixteen varieties of T.patula and T. erecta were found to be effective, 
but a growing period of 3 to 4 months was necessary. They concluded that this effect on 
nematode populations was not because of eventual decay of marigold plants in soil, but 
due to the nematicidal action of root diffusates. Later, Meijineke & Oostenbrink 
(1958) showed that populations of Paratylenchus, Tylenchorhynchus and Rorylenchus 
could also be reduced considerably by this treatment By growing T. patula yields 
increased by as much as 40% in several crops and a reduction in the population of P. 
penetrans, P. crenatus and Tylenchorhynchus dubius also occurred (Oostenbrink, 1960). 
Hackney & Dickerson (1975) noted that populations of Meloidogyne incognita 
were significantly lower in marigold fields as compared to that from tomoto. However, 
when marigold and tomato were grown together then reduction in population was not 
significant Though contrary results are also available in the literature (Alam etal., 1977a; 
Siddiqui & Alam, 1987a, b, 1988a). Omidvar (1962) found that by growing Tagetesioc 4 
months in soil infested with Globodera sp. there was only slight reduction in nematode 
population. He was of the opinion that since this reaction was negligible the nematicidal 
action of the crop was poor and hence it was not worthy of being considered as a useful 
control measure. However, on the other hand, several studies have confirmed the 
usefulness of marigold suppressant when used as a crop preceding several susceptible 
crops or when included in cropping sequences (Alam etd., 1976a, 1977b, 1980,1981). 
In a pathogenicity test T. erecta showed poor rea^ciion (Reproduction factor < 1.00) 
to M.incoffiita.Rotylenchulus reniformis, Tylenchoriiynchus brassicae, Hoplolaimus 
indicus, Helicotylenchus indicus, Tylenchus filiformis and Trichodorus mined (Alam et 
al., 1978,1979). Population dynamics of T. brassicae on T. erecta cv. Cracker Jack was 
studied by Saxena et al. (1977). In a field study the reproduction £actor of T. brassicae 
at the initial inoculum levels of 60, 80,100,120 and 200 per 200 g soil were found to be 
0.9,1,0,0.6,0.3 and 0.2 respectively. 
The antagonistic action of the marigold is due to their root exudates which kill 
nematodes (Alam et al., 1975; Siddiqui & Alam, 1987a, b, 1988a). However, Hesling et 
al. (1961) and Omidvar (1961) claim that root diffusates neither stimulate nor inhibit 
hatching of potato cyst nematode. 
Marigold roots contain considerably high concentration of K-terthien ji (2,2'-5-2"-
terthienyl) together with biogenetically related 5-(3-buten-l-ynyl)-2,2'-bithienyl that 
exhibit high nematicidal activity against several plant parasitic nematodes (Zechmeister 
& Sease, 1947). A number of synthetically prepared thiophenic compounds have also 
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shown in vitro nematicidal activity (Handele , 1971). However, nematicidal activity of 
these compounds was found low or it was absent when mixed in the soil (Handele, 1971; 
Daulton & Curtis (1973). 
Though there are conflicting reports about the capacity of mangolds to suppress 
populations of noxious nematodes but it seems that it does have nematicidal properties. 
The differences in results of various experiments may be due to variations in the marigold 
species, cultivars and the climatic conditions. 
Cniciferae 
Morgan (1925) and Triffitl (1929. 1930) found inhibiting effect of Sinapsis alba on the 
larval emergence of Globodera rostochiensis. White mustard (Brassica hirta), black 
mustard (Brassicqnigra) and cress {Lepidium sativum) showed the same effect (Ellenby, 
1945). This effect is considered to be due to the presence of isothicyanates in root 
diffusates of these plants (Triffitt, 1929,1930; Ellenby, 1945). Alam etal. (1976b) used 
mustard {Brassica campesiris) and rocket-salad (Eruca saliva) as mixcrops with wheat 
and barley and noticed marked reduction in population build-up of plant parasitic 
nematodes, but yields remained unaffected. This was attributed to the sharing of soil 
nutrients by the two crops growing simulaneously in the same field. In the absence of 
increase in the yield of wheat and barley, the yield of mustard and rocket-salad from the 
same field was considered as additional benefit as both are economically important oil 
crops. The authors have claimed that inhibition of nematode population was due to 
nematotoxic nature of root exudates. Mustard has also proved beneficial in nematode 
control when included in various cropping sequences (Khan etal., 1976; Alame(a/., 1980, 
1981). Mustard (Brassica campestris) was found to be a moderate host (Reproduction 
factor 1.00 to 1.49) of T. brassicae and Hop. indicus and a poor host (R factor < 1.00) 
oiM.incognita, R.reniformis, Hel. indicus, T.filiformiszxiAT.minai (Alamrta/., 1978, 
1979). 
Liliaceae 
Asparagus {Asparagus officinalis) root diffusates reduced the activities of 
Paratrichodorus minor. An unidentiFied nematicidal glycoside was isolated from the 
roots of Asparagus (Rohde & Jenkins, 1958). Drenching of roots or spraying leaves of 
tomoto with glycoside indicated a systemic nematicidal action, probably related to its 
anticholin esterase effect on the amphidial nerves of Trichodoruschristiei(JR.oMe, 1960). 
Schoae & Strom (1956) and Takagusi etal. (1975) purified aspargic acid (1,2-dithiolene-
4-carboxylic acid) as the active nematicidal principle. The acid inhibited completely 
larval emergence from cysts of G. rostochiensis and Heteroderaiglycines and was found 
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toxic to G. rostochiensis, M. hapla, P. penetrans and Paratylenchu^curvitatis (Takagusi et 
al., 1975). 
Gramineae 
In field experiments Triffiu (1934) observed that the meadow grasses {Poa/pratensis and 
P.trivalis) decreased the cyst contents of G. rostochiensis. Franklin (1937) obtained a 
similar reduction in cyst contents of G. rostochiensis with maize {Zea mays). 
Fabaceae 
Suppressive effects of Crotalaria on Meloidogyne specits have been known for a long 
time (McBeth & Taylor, 1944). In Crotalaria spectabilis the presence of substances with 
nematicidal properties was suggested (Bijloo, 1968). Later, Fassuliotis & Skucas (1%9) 
isolated monocrotaline, a pyrrolizidine ester from C. spectabilis, which was toxic to 
vertebrates. Monocrotaline also inhibited the mobility of A/, znco^/u/a larvae w wrro but 
the investigators were of the opinion that this compound did not impart resistance to 
Crotalariazgainsi Meloidogyne since certain Cystisusand Echium species were suscep-
tible despite the presence of the alkaloid. Cro(a/ami;uncea showed moderate reaction 
(Reproduction factor l.(X>-1.49) to Hop. indicus andT. mirzai while it could not support 
populations of Af. incognita, R. reniformis, T. brassicae, Hel. indicus and T.fitiformis as 
indicated by R factor (<1.(X)) of these nematodes (Alam etal., 1978,1979). C.juncea 
was also found to be highly beneficial in suppressing plant parasitic nematodes when 
included in various cropping sequences (Alam etal., 1976a). 
Meliaceae 
Azadirachta indica (Syn.—Melia azadirachta, M. indica), popularly known as neem, is 
widely distributed in the tropical and subtropical regions. The neem tree has a multi-
dimensional utility in medicine, commerce and in agriculture. It also has many com-
plimentary uses. 
In rural India neem trees are allowed to grow in fields in residential quarters mainly 
because of the belief that this plant purifies air and has medicinal and insecticidal 
properties. Its significance vis-a- vis plant parasitic nematodes has come into light rather 
recently. Various parts of the plant and its seed-cake have proved to be highly 
nematicidal. Its antagonism to nematodes was noticed by Alam (unpublish data) when 
he observed very few tylenchids in the soil samples collected from the vicinity of neem 
plants, although the population of saprozoic nematodes was moderate to high. Later 
Alam etal. (1977a) and Siddiqui & Saxena (1987a,b) reported a high degree of suppres-
sion in the multiplication of M. incognita and Rotylenchulus reniformis on tomato and 
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Tylenchorhynchus brassicae on cabbage and cauliflower in the presence of neem see-
dlings. 
The antagonistic nature of neem was confirmed by the toxicity of its root exudates 
to plant parasitic nematodes (Alam etal., 1975; Siddiqui & Alam, 1989). Root exudates 
also inhibited larval hatching of A/, incognita (Alam elal., 1975; Siddiqui & Alam, 1989). 
The commonly occurring chemicals in neem e.g. azadirachtin, kaempferol, nimbin, 
nimbidin, nimbidic acid, quercetin and ihionemone are thought to be responsible for 
toxicity of root exudates and other plant parts (Khan et ai, 1974; Siddiqui, 1986). 
Melia azedarach, commonly known as Persian lilac or bakain has also been 
reported to be highly antagonistic to phytophagous nematodes (Siddiqui & Saxena, 
1987a,b). They obtained a satisfactory control oiMAncotgniita and/?, reniformis on tomato 
and eggplant and T. brassicae on cabbage and cauliflower by mix cropping with the 
Persian lilac. The root exudates of this plant were highly deleterious to many plant 
parasitic nematodes and inhibited larval hatching of M. incognita (Siddiqui & Alam, 
(1989). In a comparative study, the root exudate of neem was found to be more toxic 
than those of Persian lilac (Siddiqui & Alam, 1989). 
• Although mixcropping with neem or Persian lilac is impractical, yet their high 
antagonistic value to plant parasitic nematodes may serve as a turning point in evolving 
better nematode control strategies. 
Conclusion 
The foregoing account highlights the antagonistic nature of many plant species against 
nematode pests. Many of them can be employed in the biological control strategies of 
nematodes. However, \ha influence on other soil biota particularly the natural enemies 
of nematodes—has not been studied. Information on this aspect could be valuable for 
a better understanding and proper utilization of these crops. 
Stress on plant parasitic nematodes due to various antagonistic crops may be 
further enhanced by the incorporation of their plant residues in the field following the 
harvest (Siddiqui, 1986; Siddiqui & Alam, 1987c, 1988b). 
Antagonistic plants also offer basis for finding and developing new nematicides. 
Special attention is, however, required for finding out possible systemic action of these 
natural products as also their behaviour to other soil biota. 
Non-acceptability of many of the antagonistic plants by farmers, on account of farm 
economics, is the major constraint in their utilization. For an ideal antagonistic plant to 
be used in the control of nematodes there are several attributes. These are as follows: 
1. It should be compatible to the main crop in mixculturcs in respect to its sowing, 
harvesting, nutritional requirements etc. It should not be fast growing than the 
main crops. 
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2. It could be easily filted in various cropping sequences. 
3. It should be highly antagonistic to the target nematode species but should not 
have adverse effect on beneficial flora and fauna particularly natural enemies 
of nematodes. 
4. It should be able to reduce nematode populations below economic threshold 
level. 
5. It should be highly deleterious to other crop pests (non-target). 
6. It should also contribute towards farm revenue. It would be much better if the 
antagonistic plant also have other complimentary uses. 
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NEEM IN NEMATODE CONTROL 
M. MASHKOOR ALAM 
Dq>artinent of Bouny, 
Aligarh Muslim University, Aligirh-202002, India. 
The pesticidal properties of many plants have been known since lime immemorial. 
Veratrum album and V. viridae were used as rodendcide by ancient Romans, while 
rotenone yielding Denis sp. and pyrethrum containing Chrysanthemum sp. were used as 
insecticides by the Chinese and the Persians respectively. Now several thousand plant 
species have been recognized as possessing pesticidal properties. 
Indian lilac {Azadirachia indica A. Juss.; Syn. Melia azadirachiaL. and Af. indica 
(A. Juss.) Brand.; Family Meliaceae) is one of the most potential pesticidal plant though 
it has many other complimentary uses. It is popularly known as neem in Urdu and Hindi, 
rumba in Sanskrit, neeb in Arabic, azad dirakht in Persian and margosa in English. 
Neem is regarded as a miracle tree of tropics because of its multidimentional 
utilization. DifTerent plant parts possess a pool of biologically active compounds which 
are medicinal, insecticidal and nematicidal in nature. Neem oil and seed cake have many 
uses in agriculture and industry. The common people regard it indistinguishable from 
their day to day needs. 
In rural India, it has been an age-old practice to keep dried neem leaves 
between the woolen cloths for protecting them from moths. In southern Pakistan, 
farmers mix neem leaves with stored grains. In Sri Lanka neem leaves are burnt to 
generate smoke for fumigation against insect pests of stored paddy and pulses. In 
southern Persia the farmers use to grow neem trees around their fields particularly 
NEMATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds.—M.S. Jairajpori, MA!. AUm A I. 
Ahmad). CBS PubUshen &. Dislribuion, Delhi, India. 1990. 
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around cotton fields to check insect damage (Siyavosh Alirahimi, personal communica-
tion). 
During 1970-71, Alam (unpublished data) processed the rhizosphere soil from 
large number of neem trees (10-50 year old) for nematodes. He found negligible numbers 
of tylenchid nematodes in the samples, though the population of saprozoic forms was 
moderate to high. He and co-workers later provided evidence on the antagonistic nature 
of neem against some important plant parasitic nematodes (Alam et al., 1977). They 
planted small seedlings of neem alone and also alongwith the seedlings of tomato and 
eggplant in soil that was heavily infested with Meloidogyne incognita, Rotylenchulus 
reniformis and other plant parasitic nematodes. After 3 months of transplantation, when 
the experiment was terminated, a great reduction in population levels of all nematodes 
was noticed which could only be due to neem. Even highly susceptible host plants like 
tomato and eggplant did not support these nematodes in the presence of neem. Similar 
results were also obtained in case of cabbagae and cauliflower in the soil heavily infested 
with Tylenchorhynchusbrassicae, etc. (Alam etal., 1977). As a consequence of reduction 
in the nematode populations in both the experiments, plant growth of the vegetables 
improved significantly. 
Siddiqui & Saxena (1987a,b) got satisfactory control of M. incognita and R. 
reniformis on tomato and eggplant, and T. brassicae on cabbage and cauliflower by 
interculturing neem and a related species, Persian lilac {Melia azedarach L.) with these 
plants. 
The root-exudates of these Mcliaceae were found highly toxic to Hoplolaimus 
indicus, Helicotylenchus indicus.R. reniformis, T. brassicae, Tylenchusfiliformis and M. 
incognita larvae (Alam et al., 1975; Siddiqui & Alam, 1988), and inhibitory to larval 
hatching of M. incognita (Alam et a/., 1975; Siddiqui & Alam, 1989). Root-exudates of 
neem were found more toxic than those of Persian lilac (Siddiqui & Alam, 1989). 
Several chemicals, commonly occurring in neem, have been attributed for the 
antagonistic nature of neem (Table I)- Khan et al. (1974) reported high nematode 
mortality and inhibition of larval hatch by nimbidin and thionemone. Similar results 
were also obtained by Siddiqui (1986) with azadirachtin, nimbidic acid, nimbin, kaeferol 
and quercetin. 
Some of the above chemicals, e.g. azadirachtin, nimbidic acid and nimbin, when 
used as bare-root-dip treatment, significantly inhibited the penetration of the root-knot 
larvae and the subsequent root galling on tomato and eggplant (Siddiqui, 1986). Similar 
results were also obtained with respect to R. reniformis and T. brassicae. They have 
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TABLE I 
Biologically active principles from neem tested against nematodes. 
SL Chemical 
No. 
Nematode 
ipecies 
Plant 
species 
Mode of 
application 
Reference 
1. Nimbidin, 
thionemone 
Mel, Rot, Trh, Hop 
Mel 
3. Azadirachtin, Mel, Rot, Tth, Hop, 
nimbin, Hel, Tyl 
nimbidic acid, 
kaemferol 
quercetin 
4. —do— Mel 
5. Azadirachtin Mel 
6. 
7. 
8. 
9. 
Rot 
Trh 
Mel. Rot 
Trh 
In vitro 
mortality 
In vitro 
hatching 
in vitro 
mortality 
In vitro 
batching 
Tomato, 
Eggplant 
okra 
Cabbage 
Cauliflower 
Tomato, 
eggplant 
Cabbage, 
Cauliflower 
Solution Khan et al,, 1974 
Solution Khan et al., 1974 
Solution Siddiqui, 1986 
Solution 
Seed 
dressing 
Root-dip 
Siddiqui, 1986 
Siddiqui &. Alam, 1988 
Siddiqui &. Alam, 
in press 
Siddiqui & Alam, 
in press 
Siddiqui & Alam, 
unpublished 
Siddiqui A. Alam, 
unpublished 
Mel = Meloidogyne incognita, 
Trh = Tylenchorhynchus brassicae, 
Hel = Helicotylenchus indicus. 
Rot = Rotylenchulus renifomis. 
Hop = Hoplolaimus indicus, 
Tyl = Tylenchusfiliformis. 
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also inhibited the development of these nematodes when given as seed dressing treat-
ment (Siddiqui & Alam. 1988). 
CONCLUSION 
Neem and Persian lilac are quite big trees. So their intercropping with field crops is not 
possible. Though it is an age old practice of the fanners of Southern Iran to grow neem 
trees around arable land particularly around cotton fields. In India and elsewhere neem 
trees are also frequently allowed to grow in agricultural fields. The purpose of both the 
practices may not be for nematode control, yet they are having this benefit too. The 
interculture studies with neem and Persian lilac (Alam et al., 1977; Siddiqui & Saxena, 
1987 a,b) nevertheless have thrown some light on their potential as bio-control agents of 
nematodes. 
In tropical and sub-tropical areas, where these plants are found, plenty of seeds 
are available during rainy season. If these plants are allowed to grow in agricultural Helds 
until the onset of rabi season (winter crop) and then ploughed into the soil while field is 
being prepared for the rafej crops, it can be expected to significantly reduce the nematode 
populations. The ensuing crops are additionally benefitted by the manural value of the 
amendment. However, this practice needs further checking for practical and economic 
aspects of cultivation. 
It has also been proved that neem and probably other Meliaceae possess a good 
amount of nematicidal chemicals. These could be exploited commercially, if found 
feasible in that respect. Recently, a neem based insecticide, Margosan-0 has been 
released for commercial use in USA. It is claimed to be bio-degradable and firee from 
pollution hazards. It acts in three ways—as a repellent, as an antifeedant and asa growth 
regulator through hormonal disruption. In the last case the moulting patterns of insects 
are altered or the life stages become impotent This and other informations regarding 
the insecticidal nature of neem may well be utilized in the development of a/nematicide. 
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NEMATODE DESTROYING FUNGI 
M. MASHKOOR ALAM 
Depaitment of Botany, 
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Fungi constitute the most significant group of nematode antagonists. Much information 
is now available on this subject, though the earlier studies were rather empirical 
(Drechsler. 1937. 1941; Duddington. 1955. 1956. 1957. 1960. 1962; Duddington & 
Wybom. 1972; Sayre. 1971; Webster. 1972; Barron. 1977.1981,1982; Mankau. 1980a.b, 
1981; Kerry. 1980. 1984. 1987; JataJa. 1986; Morgan-Jones & Rodriguez-Kabana, 1987; 
Nordbring-Hertz. 1988a,b). 
There is a long list of fungi that are antagonistic to nematodes. More than 200 such 
fungi have been reported by now. Morgan-Jones & Rodriguez-Kabana (1987) have put 
them into three categories—predaceous. endoparasitic, and opportunistic fiingi; while 
Jatala (1986) regrouped the last two categories into: parasites of vermiform nematodes, 
parasites of sedentary females, parasites of eggs, and parasites of eggs, sedentary 
females, and vermiform nematodes. These fungi belong to almost all the major groups 
of soil fungi. Taking into account the long co-evolution of these fungi and plant-parasitic 
nematodes in the common soil habitat, it seems logical as to why a variety of interrelation-
ships ranging from predaceous and parasitic to biochemical ones have developed 
between them. 
Nematode destroying fungi are widespread in soils and virtually they are consis-
tently associated with the bio-control of nematodes in nature. However, only few have 
been found suitable for practical control of nematodes, as in most instances there are 
NEMATODE BIO-CONTROL: ASPECTS A PROSPECTS (Edi .—MA Jairajpuri, MAI. Alam A I. 
Ahmad). CBS Publishen A. Disthbuton, Delhi, India. 1990. 
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many constraints in their handling right from isolation to culturing and then inoculation. 
In many cases it becomes rather impossible because of their obligate nature. 
Dactylellajoviparasitica was found naturally controlling root-knot nematodes even 
in the presence of a highly susceptible variety "Lovell" of peaches {Prunuspersica) in 
California (Stirling & Mankau, 1977). Similarly in many European countries, Kerry 
(1982) got evidence of natural control of cereal cyst nematode Heterodera avenae by 
Nematophihora gynophila and Verticillium chlamydosporium. 
Recently three commercial preparations of fungi have been developed to give 
practical field control of phytonematodes (Cayrol et al., 1978; Cayrol & Frankowski, 
1979; Jatala, 1986). 
Many endozoic fungi act against nematodes through their spends which should be 
ingested. These fungi are thus incapable of destroying plant-parasitic nematodes be-
cause of narrow lumen of their stylcL However, some fungi have evolved specialized 
structures in the form of sticky or mechanical traps to cope with this difHculty. 
There are several reports about the use dQiQtagonistic fungi in nematode control, 
however, with varying degree of success. Mainly four types of attempts have been made— 
(a) Organic soil-amendments have been used to create better conditions for naturally 
occurring fungi, (b) soil was treated with the particular fungi, (c) both treatments were 
given together, and (d) fungi were applied with other controlling agencies. 
Antagonistic fungi also play important role in the recycling of carbon, nitrogen and 
other elements. They transfer many reserve materials from the rather substantial 
biomass of nematodes back to the microbial biomass and also help to make many things 
readily available to plants. 
PREDACEOUS FUNGI 
Zopf (1888) was the first to have noticed the existance of fungi that trap and prey on 
nematodes. More than 100 species of predaceous fungi have been recognized which are 
generally associated with free-living nematodes.,Most of these fungi belong to the 
form-order Moniliales (form sub-class Hyphomycetidae) of the form-class 
Deuteromycetes (the imperfect fungi), while some are members of the order Zoopagales 
of the class Zygomycetes, and few are from other groups. 
The predaceous fungi have undergone remarkable adaptations and specializations 
with respect to prey catching devices, such as sticky traps (adhesive branches, networks 
and knobs), and mechanical traps (constricting and non-constricting hyphal rings). Some 
of the forms have undifferentiated hyphae. Generally the fungi with adhesive networks 
are fast growing and are good saprophytes but less efficient at trapping nematodes, while 
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ihosc having adhesive knobs, adhesive branches, or constricting rings are slow growing 
and arc more prcdaceous to nematodes (Jansson & Nordbring-Hcrtz, 1980). 
The adhesive branches arc few cells-long lateral branches of the fungal mycelium 
(e.g., Monacrosporium cionopagum), while adhesive knobs are produced on a single or 
double celled lateral branches where only the terminal globose cell is sticky (e.g., 
Dactylaria Candida). The adhesive network comprises loops that are produced by curling 
of the mycelium (e.g., ArthrobotrysoUgospora). The adhesive substance of these fiingi 
has not been characterized. 
The predaceous fungi also produce 3-4 celled hyphal rings on single or double 
celled lateral branches. These rings are of two types—constricting rings and non-con-
strictingings. In the former (e.g., A. dactyloides, Dactylella bembicodeijiht nematode is 
caught in the ring by way of bulging of the inner walls of the lumen. The bulging is affected 
only when nematode comes into contact with the lumen of the ring by way of increasing 
the permeability of the cells. This brings about rapid intake of water causing the cells to 
increase their size up to three times of their original volume. In this way the ring is 
constricted and the nematode is trapped (Muller, 1958). In case of non-constricting rings 
(e.g., D. Candida) there is no characteristic change in the cell structure of fungi. Here 
the nematodes are caught only when they struggle to escape. 
The exact nature of the chemical factor that triggers the formation of various traps 
in the fungi has not been established, but it has been demonstrated in many fungi that 
the traps are formed only when nematodes are added to their pure cultures. These 
factors have been named as nemin (Pramer & StoU, 1959), or endogenous nemin (Feder 
etal., 1%3). Adhesive network-forming fungi usually require the presence of nematodes 
or nematode products for their trap diffrentiation, while those fungi which form con-
stricting rings arc triggered for trap formation by a wide range of substances of animal 
origin. 
Cooke (1962a) found out that constricung rings were more efficient in reducing 
nematode populations than the adhesive networks. 
Some predaceous fungi, e.g., Arthrobotrysoligospora, produce toxic substances 
which kill or paralyse nematode preys even before the fungus has penetrated their cudcle 
(Olthof & Estey,1963). 
Activity of nematode trappers is greatly influenced by soil conditions such as pH, 
moisture, temperature and the avaibbility of nutrients (Johnson, 1%2; Mankau, 1968). 
Most of the Hsphomycctes are not obligate predators but can grow on many organic 
substrates. It has been found in many cases that alteration of CVN ratios signiflcandy 
affects the prcdacity of the fungus (Cooke, 1962b). Cooke (1962b). Olthof & Esiey 
(1966), and Duddington & Wybom (1972) suggested that these fungi require energy 
sources (such as organic matter) other than nematodes to keep their predacity. 
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Cooke (1%3) altcmplcd lo foUow the succession of predaceous fungi during 
degradation of organic amendments in soil. The predation phase of the fiingi ranged 
between 7-11 weeks after the organic matter was added to the soil. Adhesive network 
forming fungi appeared first, followed by DactyUUacionopaga and a zoopageous fungus, 
and in the last were those fungi which form rings. During the period of decomposition, 
the endozoic fungi appeared only occasionally. Sayre (1971) is of the opinion that the 
predacity of fungi is dependent on soluble carbohydrates released during decomposition 
of organic matter rather than the nematodes, and that the predaceous nature appears 
only as an alternative for the fungi to acquire energy and to escape competition with 
other soil biota. When the competition phase is over, they come back to their normal 
saprophagous phase. Mwgan-Jones & Rodriguez-Kabana (1987) also suppcxted the 
view that the activity of predaceous fungi does not necessarily be enhanced by adding 
organic amendments to soil, though in some cases the contrary has been claimed 
(Linford, 1937). However, later studies of Linford & Yap (1939), Duddington ei al. 
(1956 a, b) and Mankau (1961 a, b) gave inconclusive results. 
Most of the nematodc-trapping fungi are slow colonizers hence poor competitive 
saprophytes. These fungi arc also non-specific to nematodes and once the traps are 
produced, almost every type of nematodes are preyed. Moreover their limited 
predaceous activity has posed great problems in their exploitation as successful bio-con-
trol agents of nematodes. These may be some of the reasons of the erratic results 
achieved by many workers. However, some encouraging results have been obtained with 
some fungal species, thanks to the heterogenous nature of this group of nematode 
antagonists. 
Recently two commercial preparations of predaceous fiingi have been developed 
in France. Cayrol etal. (1978) used an isolate oi Arthrobotrys^obusta and marketed it as 
"Royal 300" for controlling nematodes, particularly Ditylenchus myceliophagus on mush-
room, Agaricusbisporus. This strain was highly pathogenic to the nematode, and a good 
colonizer of compost without any antagonism to A. bisporus. However, the results were 
highly erratic. Another fungal product was marketed as "Royal 350" (Coyrol & 
Frankowski, 1979). It reduced root galling on tomatoes with an increase in the yield 
(Cayrol, 1983), and also inhibited juvenile invasion of cucumbers (Windrich, 1984). In 
both cases the inoculum was low. At higher inoculum levels the product failed to contain 
the nematode (Cayrol & Frankowski, 1979; B'Chir et al., 1983), and in this situation 
carbofuran was recommended as a measure alongwith "Royal 350" as the reduction in 
Meloidogyne population on cucumber was much greater than with either of the treat-
ments alone (B* Chir et al., 1983). Jatala (1986) also could not get satisfactory control 
of root-knot nematodes with "Royal 350". Further investigations are needed to upgrade 
the potency of this product (Kerry, 1987). 
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ENDOZOIC FUNGI 
Lohde (1874) suggested for ihe first time about the possibility of using an endozoic 
fungus, Harposposium anguillulae in regulating nematode populations. More than 50 
species of endozoic fungi have been described which belong to most of the groups of 
fungi, e.g., Blastocladialcs, Chytridiales, Legenidiales, Entomophthorales, Zoopagales 
and Moniliales. However, only few endozoic species have been considered as serious 
bio-control agents. It is partly because of the difficulty with which they are isolated from 
soil, though they are abundant and widespread in distribution. Among Hyphomycetes, 
Acrostalagmus, Harposporium andMeria are most common genera which can be cultured 
easily, while Catenaria, Myzocytium and Haptoglossa are zoosporic forms which pose 
great difficulty to grow axenically. 
Spores of endozoic fungi are very small and contain too little reserve food. Hence 
they remain dormant in the soil until they become attached to a passingby nematode. 
Nematode control by these fungi is thus greatly influenced by the population of these 
fungi and their distribution in the soil. Many of these fungi are highly susceptible to 
mycostatic inhibition (Giuma & Cooke, 1974). 
The endozoic fungi produce adhesive spores (e.g., Meria coniospora, Hirsutella 
rhossiliensis) which on contacting a nematode quickly and firmly become attached to its 
cuticle. Then they germinate and enter the nematode body with the help of germ tubes. 
In case of some endozoic forms the spores should be ingested by nematodes (e.g., 
Harposporium anguillulae) as they consume nematodes only when they become estab-
lished in the esophagus. These fungi form mycelium inside nematode body and after its 
death funpl hyphae comes out and start producing conidia. Since stylet in plant-parasitic 
nematodes has very narrow lumen, these fungi generally become meaningless to destroy 
them. The fungi which produce adhesive spores were found far better parasites than 
those where spores are to be ingested by nematodes. 
Giuma & Cooke (1974) could not control soil-borne phytonematodes with 
Nemaioctonus, but Jansson et al. (1985) got satisfactory reduction in root galling in 
tomato with Meria coniospora. A similar fungus Hirsutella rhossiliensis was found to 
suppress, though not to non-injurious levels, populations of Criconemella xenoplax on 
peach seedlings (Eayre et al, 1987). This weak parasitism by the fungus was attributed 
to fungistasis, a short-coming common to parasitic fungi (Jaffee & Zehr, 1985). 
Catenaria auxiliaris and Nematophihora gynophila are two important zoosporic 
fiingi. But they are oblipte parasites and so far could not been isolated in vitro. C. 
auxiliariswas observed on females of Heteroderaschachtii by Ku'hn (1877). It could also 
infect females of H. avenae and Globodera rostochiensis (Kerry, 1975; Kerry et al., 
1976).N.gynophila was found to be controlling H. avenae in nature by infecting 
-58 
561 
females and eggs (Kerry, 1974; Kerry & Crump, 1977; Crump efa/.,1983). The infected 
females lend lo lose turgor, and their bodies become completely filled with resting spores 
of the fungus within four days at 13°C (Kerry, 1974) and after its rupture the spores are 
dispersed in the soil. The spores of the fungus are thick-walled and can remain virulent 
up to 5 years even in absence of cyst nematode females (Kerry, 1984). Soil moisture 
greatly govern its parasitic ability (Kerry, etal., 1980). This fungus also infects//, carotae, 
H.cruc^erae. H. gotlingiana. H. schachtii, and //. trifolii but not G. rostochiensis (Kerry 
& Crump, 1977). 
OPPORTU>aSTIC FUNGI 
These fungi rapidly colonize nematode reproductive structures and destroy females, 
cysts and eggs particularly those belonging to the genera, Globodera, Heterodera, and 
Meloidogyne where sedentary stages are most vulnerable to the fungal attack. The most 
frequently found fungi belong to the genera Cylindrocarpon, Exophiala, Fusariwn, 
Gliodadium, Paecilomyces. Phoma, and VerticilUum. These fungi can survive host ftee 
periods and can be grown axcnically. 
Fungi that parasitize eggs prefer eggs of heteroderid nematodes and those which 
deposit them in gcletinous matrix. The oviposition nature (both in the cyst and the egg 
masses) of these nematodes makes them most vulnerable to the attack by these fungi. As 
soon as these fungi find a cyst or an egg mass they rapidly grow and colonize those eggs 
where larval formation has not been completed. However, when larva is formed the egg 
becomes less vulnerable. It has been suggested that this differential vulnerability of egg 
and larval stages is due to chitinolytic activity of these fungi. Chitin is a major constituent 
of the eggshell, while larval cuticle lacks iL In some cases there is enzymatic disruption 
of nematode structural elements such as egg shells and larval cuticle or physiological 
disturbances due to biosynthesis of diffusable toxic metabolites. 
Korab (1929) and Rozypal (1934) reported a fungal disease of eggs and larvae in 
H. schachtii caused by Tomla heteroderae (probably Phialophom malomm), while 
Rademacher & Schmidt (1933) found Metarrhiziumanisopliae highly deleterious to the 
cysts of the nematode. In H. avenae embryonic development was found hindered by 
Cylindrocarpon'radicicola (Goffart, 1932). Morgan-Jones etal. (1986) found C.destruc-
tans as a dominant fungal species in the cysts of Globodera rostochiensis associated with 
potato in Peru. 
Lysek (1963) reported nematode egg destruction by Fusarium and Cephalos-. 
porium. In a later study he found eggshell perforation by Acremonium bacilosporum, 
Helicoon farinosum, Mortierella nana, Paecilomyces lilacinus, V. clamydosporium and 
V. bulbillosum (Lysek, 1966). P. lilacinus was found to be highly parasitic on eggs of 
Meloidogyne incognita and females and cysts of Globodera pallida on potato (Jatala et 
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fl/., 1979). Jatala (1986) has given an account of the development of this fiingus which 
first grows in the gelatinous matrix of the species of Meloidogyne, Tylenchulus and 
Nacobbus. The infection spreads to the eggs which are completely surrounded by the 
mycelial network. Some of the hyphal branches then penetrate the eggs and destroy the 
embryo. Morgan—clones etal. (1984) observed development of/'.///adnu5in A/.ar«mina. 
The fungus penetrate eggs through minute pores which are dissolved in the vitalline layer. 
There is a change in the permeability of shell of eggs infected with P. lilacinus resulting 
in their swelling-up. The infection also cause splitting of the vitalline layer into three 
distinct layers, where the chitin layer becomes vacuolated with the disappearance of the 
lipid layer (Morgan-Jones & Rodriguez-Kabana, 1985). In case of Globodera spp. the 
cysts are penetrated by the fungus through the vulva or broken neck region. The fungus 
Hrst establishes itself in the mucoid substance surrounding the eggs by growing 
saprophytically. The parasitic and destruction phase of the fungus starts with the 
infection of the eggs which are in early embroynic stages. 
Because of many good qualities, P. lilacinus has been the subject of many inves-
tigations. In Philippines it has been produced on commercial scale under the trade name 
of "BIOCON" (Jatala, 1986). 
Another important fungus is Verticillium chlamydosporium which parasitize 
females of Meloidogyne arenaria (Morgan-Jones et al., 1981), and cysts of Heterodera 
glycinesiCm^s etal., 1983). This fungus reduces egg hatching of M.arenaria (Morgan— 
Jones etal., 1983) with the help of its metabolites. 
Vesicular arbuscular mycorrhiza (VAM) are known to increase tolerance of 
pbnts against plant parasitic nematodes by way of causing physiological or structural 
changes in plants. Francl & Dropkin (1985) in an interesting study however, have 
reported that Glomusfasiculatumczn parasitize to some extent the eggs of//^rtfrorfera 
glycines and reduce population of the nematode females. 
CONCLUSION 
Among various nematode antagonists more attention has been given to nematode-
destroying fungi though mostly through classical investigations, awareness about their 
utilization and exploitation as practical bio-control agents of problem nematode species, 
however, has been rather a recent interest of scientists. In the case of predaceous and 
endozoic parasitic fungi the most important disadvantage is the difficulty in their mass 
production and then establishment in the soil. Whereas those fungi which rapidly 
colonize eggs and cysts are free from these inhbitions and thus provide a guarded 
optimism about their possible role in future control strategies of nematodes, particularly 
in those concerning the Integrated Pest Management (IPM) programmes. 
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PAECILOMYCES LILACINUS 
—A NEMATODE BIOCONTROL AGENT 
MMASHKOORALAM 
Deptnineat of Botany, 
Aligaifa Muslim Univenity, Aligarb-202002, Indi*. 
Among namatode-destioying fungi, there is an important group of soil fungi which 
are capable of rapidly colonizing nematode reproductive stnictures and thus causing 
destruction of females, cysts and eggs. The sedentary stages of ioot>knot and cyst 
namatodes are most vulnerable to these fungi. The common genera of such fungi 
are Cylindrocarpon, Exophiala, Fusarium, Gliocladium, Paecilomyces, Phoma, Torula, 
Verticillium, etc. The discussion in the present chjqjter is, however, confined to 
Paecilomyces where one species P. lilacinus, a common soil hyphomycete has 
demonstrated tremendous potential as bio-control agent of nematodes (Jatah, 198S, 
1986). It is regarded as a good competitor in most soils particularly in wanner 
regions (Domsch et at., 1980). 
The genus Paecilomyces Bainier was described by Bainier (1907) as a close 
relative of Penicillium Link ex Fr. but differing in the absence of green coloured 
NEMATODE BIO-OONTKOL : ASPECTS & PROSPECTS (E<U.-M5. Jainjpuri, M. M. Al«n 
& L AfanMkl). CBS Publishen & Distributors, Delhi, India. 1990. 
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colonies and by the short cylindrical phialides which taper into long neck. 
Paecilomyces occurs on various kinds of organic matter and is mostly parastitic on 
insects (Brown & Smith, 1957; Oshima & Akazawa, 1980). Drechsler (1941) found 
Plectus pervus being actively parasitized by Spicaria coccospora which was descri-
bed as a species of the genus Paecilomyces (Brown & Smith, 1957). 
Samson (1975) placed Penicillium Ulacinum Thom. and some other fungi in 
the genus Paecilomyces and proposed Paecilomyces lilacinus (Thom.) Samson, 
Comb. nov. 
In early 1978, P. lilacinus was isolated from egg masses of Meloidogyne 
incognita acrita found on infected potato roots in a central Peruvian highland in 
the Huanuco Valley (Anon, 1979; Su^ttner, 1979; Jatala et al., 1979; Jatala, 1982). 
Lysek (1966) reported perforation in nematode egg shell by P. lilacinus. 
Later. Jatala el al. (1979) found the fungus frequently infecting the eggs and 
occasionally infecting the females of Meloidogyne incognita acrita. The eggs within 
the cysts oi-Globodera pallida and egg masses of M. incognita acrita were penetrated 
by the fungus within 10-12 days where the embryo was eventually destroyed. In a 
later study Jatala (1986) reported that destruction of M. incognita embryo by 
P. lilacinus took place within 5 days under laboratory condition. Mature females of 
the root-knot nematode were generally penetrated by the fungus through the anus 
or vulva while cysts of G. pallida through the vulva and the broken or exposed 
neck region. About 70-90% eggs of these nematodes became infected within one 
month of inoculation (Jatala et al., 1979). The percentage of egg infection was 
found directly correlated with the length of fungal infection (Jatala, 1985 ). 
In case of Meloidogyne, Tylenchulus and Nacobbus the fungal hyphae first 
grow in the gelatinous matrix, then form a netwoiic around the eggs where prolife-
ration hyphal-branches penetrate the eggs (Jatala, 1986). In case of Globodera 
cysts, the fungus first grows sdprophytically on the mucilaginous body contents than 
parasitizes the eggs where pre-gastrulation eggs are more prone to the attack. 
Several utrastructural changes take place in the egg shell due to exogenous meta-
bolites and the chitinolytic activity of P. lilacinus (Jatala, 1986). 
Dunn et al. (1982) reported the presence of an appressorium during coloni-
zation of eggs. But Jatala (1986) challenged their findings, and claimed that 
hyphal penetration of eggshell is brought about by mechanical pressure and/or 
enzymatic activity such as chitinase production. However, an infection peg is formed 
by swelling-up of the hyphal branch at the penetration point The nature of egg 
shell has direct correlation with the rate of fungal penetration of the egg. A relatively 
simpler egg shell of Meloidogyne eggs allows the fiuigus to penetrate at a much 
faster rate than that it did in those of Globodera and Nacobbus where the egg shell 
shows more complexity (O'Hara & Jaiala, 1983,1985; Jatala, 1986). 
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Morgan-Jones et al. (1984) studied the parasitism of Meloidogyne arenaria 
eggs and larvae by P. lilacinus. The fungal hyphae penatrate the egg shall through 
small pores dissolved in the vitalline layer. The resulting changes in shell permea-
bility cause the eggs to become swollen. The fungus then grows and crushes the chitin 
and lipid shell layers and destroys the contents of the eggs, including the developing 
larvae whose cuticles are disrupted. The endogenous hypae then emerge by rup-
turing the egg shell and produce conidiophores with chains of conidia. Several 
ultrastructural changes take place in the egg shell due to the fungus. The vitelline 
layer is separated into three distinct layers with uneven thickening, the chitin layer 
becomes vacuolated while the lipid layer disappears. Similarly there is disruption 
in the cuticle of the developing larvae which become necrotic. 
Morgan-Jones & Rodriguez-Kabana (1984) found two species of Paecilomyces 
as parasites of cysts and eggs of Heterodera glycines, Meloidogyne arenaria and 
M. incognita. They also reported connrol of nematodes with P. lilacinus. Frcire & 
Bridge (1985) have studied the parasitism of eggs, females and juveniles of 
M . i n c o / t n i t a by P. l i l i^<2i l l l i§ - E f f o o t l v e n e s o o f 
P. lilacinus against M.javanica on tomato was studied by Croshier c( oi. (1985). 
Gintis et al. (1983) reported association of P. lilacinus with developmental 
stages of Heterodera glycines from an Alabama soybean field soil, while Morgan-
Jones et al. (1986) found the fungus colonizing cysts of potato cyst nematodes 
G. pallida and G. rostochiensis in Peru. The fungus was also found parasitizing 
eggs of A/, arenaria in an Alabama soil (Godoy et al., 1983). 
P. lilacinus causes egg deformation in M. incognita with the help of diffusable toxic 
metabolites (Jatala, 1986; Jatala et al., 1985). The fungus causes alteration in eggs' 
cuticular structure by enzymatic activity. This helps hyphal penetration. This either 
changes egg shell permeability or causes perforations in the cuticle which allows see-
page or free movement of diffusable metabolic compounds (Jatala, 1986). 
Similarly, a related fungus Penicillium anatolicum also produce noxious compounds 
which interfere in the development of G. pallida and G. rostochiensis 
without parasitizing the females (Jatala, 1986,). 
P. lilacinus exhibits chitinase activity when grown on chitin-agar plates (Gintis 
et al., 1983). Earlier, Okafor (1967) has also reported it as a chitin degrader. Chitin 
constitutes the largest portion of nematode egg shell, while the larval cuticle lacks 
it This perhaps explains the effectiveness of the fungus as an egg destroyer, 
which however, becomes almost ineffective once the nematode larva is formed. 
Endrecva et al. (1972) have observed proteolytic activity of the fungus. 
P. I ilacinus produces a peptidal antibiotic P-168 which has a wide antimicrobial 
effect on fungi, yeast, and gram-positive bacteria (Isogai et d., 1980a, b, 1981). 
Many fungi are known to produce mycotoxins causing biological pollution 
of the environment. These toxins when absorbed by plants become systemically 
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poisonous to the plant itself as well as to human beings and animals. However, 
Khan et al . (1988) Teported that P. lilacinus do not produce aflaioxin, ochratoxin, 
T-2 toxin, and zearalenone on lest substrates. 
The optimum temperture requirement for the growth of P. lilacinus seems similar 
to that of its nematode hosts. The fungal growth and sporulation is well between 10-30°C 
with optimum at 20-25°C (Stephan & Al-Din, 1987). Similarly the fungus tolerates a 
wide range of pH from 3.5 to 8.5 (Jatala, 1986). Unplealed rice grain, peeled rice 
grain, wheat and barley are good growth media for the fungus but com is not 
(Stephan & Al-Din, 1987). Sharma ei al. (1988) have usedjdung of goat, buffalo and 
cow as substrate for fungal growth. Sharma & Trivedi (1987) found maximum and 
rapid growth of P. lilacinus on oilcake of seasamum followed by cotton, linseed, 
mustard and groundnut oilcakes; while among waste materials mungbean husk (Vigna 
radiata) was found best substrate for the growth of the-fungus, it was followed in order 
of efficiency by cotton seed, guar powder (Cyamopsis tetragonoloba), gram powder 
and rice husk. Bansal et al. (1988) have screened some agro-industrial wastes for 
mass propagation of P. lilacinus. Jatala (1981, 1982) has given elaborate methodogy 
for handling P.lilacinus for use in nematode bio-conu-ol. The fungus is also capable 
of tolerating several fungicides and nematicides (Villanueva & Davide, 1983; Adiko, 
1984; Jatala, 1986). 
P. lilacinus has given good control of Meloidogynt spp. (Gaspard, 1986), 
Meloidogyne incognita (Salas & Jatala, 1980; Jatala et al., 1980, 1981; Adiko, 1984; 
Guevara et al., 1985; Ibrahim et. at., 1987; Sharma et.al., 1988; Cabanillas et al., 1988; 
Khan & Husain, 1988; Shahzad & Ghaffar, 1989), M. arenaria (Rodriguez-Kabana 
et al., 1984; Culbreath et al., 1986), Tylenchulus semipenetrans (Herrera et al., 1984, 
1985), Rotylenchulus renifbrmis (Khan & Husain, 1988; Reddy & Khan, 1988, 1989), 
Globodera pallida (Franco et al., 1981), G. rostochiensis (Saifullah et al., 1988), and 
Nacobbus aberrans (de Sisler «/a/., 1985). 
Cabanillas et al. (1988) studied the histology of the interaction of Paecilomyces 
lilacinus with Meloidogyne incognita on tomato. Root galling and gaint-cell formation 
were absent in roots inoculated with fungus-infected eggs of M. incognita. Almost 
similar condition was observed when tomato roots were dipped in spore suspension 
of P. lilacinus and inoculated with M. incognita. The fungus colonized the surface 
of epidermal cells as well as the internal cells of epidermis and cortex. Thus the possi-
bility of biological protection of plant surfaces with the fungus against M. incognita 
was suggested by the authors. 
Jatala et al. (1980) compared the efficacy of P. lilacinus with nematicides and 
organic matter against M. incognita on potato cv. Cuzco. The root galling was signifi-
cantly lower in plants grown in plots applied with the fungus than those from plots 
applied with Temik 10% G at 25 kg/ha, Ncmacur 5% G at 50 kg/ha, Furadan 5% G 
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at 50 kg/ha, and organic matter at 10 ton/ha. Whereas Davide & Zorilla (1985,1986) 
found a nematicide isazofos (Miral lOG) more effective than P. lilacinus in controlling 
M. incognita on okra. Novaretti et al. (1986) and Shahzad & Ghaffar (1987) have 
used PAilacinus and Furadan for nematode control, while Khan (1988) compared the 
efficacy of P. lilacinus with aldicarb for controlling G. rostpchiensis on potato. 
P. lilacinus was found antagonistic to two pathogenic fungi e.g. Macrophomina 
phaseolina and Rhizoctonia solani (Shahzad & Ghaffar, 1988.1989). This behaviour 
of P. lilacinus helped in the control of disease complexes involving M. incogniiaj 
R. solani and R. reniformis/R. solani on cowpea (Khan & Husain, 1988), M. incognita/ 
R. solani and M. incognita/M. phaseolina on mung bean (Vigna radiata) and okra 
(Shahzad & Ghaffar, 1989). 
Dube & Smart (1987) in an interesting study worked out the possibility of using 
PAilacinus along with a bacterial parasite of nematodes, Pasteuria penetrans for 
controlling Meloidogyne incognita on tomato, tobacco, soybeans, Vicia villosa and 
Capsicum annum. They noted greater nematode control when P. lilacinus and 
P. penetrans were applied together. Similar results were obtained by Maheshwari 
& Mani (1988) in case ofM.javanica on tomato. 
Another species of Paecilomyces, P. varioiii was found to support the multi-
plication of Tylenchulus semipenetrans, while a related species Penicillium simplicis-
simum had no significant effect on the population development of the nematode 
(AI-Hazmi et al., 1988). 
CONCLUSION 
Paecilomyces lilacinus has been the subject of many recent researches for evalua-
ting its bio-control potential against nematodes. Dr. P. Jatala of International Potato 
Center, Lima, Peru, who Hrst isolated the fungus, has been in the fore firont of these 
investigations. He is collaborating with scientists in 46 countries by sending culture of 
the fungus (Jatala, 1985). Now nematologists in over 60 countries are engaged on inves-
tigations concerning various aspects of nematode bio-control using P. lilacinus (Jatala. 
1986). The fmdings of most of these workers clearly indicate that the diverse environ-
mental conditions are well suited to the fungus for efficient nematode control (Canda-
nedo-Lay et al., 1982a,b; Villanucva & Davide, 1983, 1984; Devide & Zorilla, 1983; 
Davide & Batino, 1985; Adiko. 1984; Noe & Sasser. 1984; Herrera et al., 1984. 1985; 
Roman & Rodriguez-Marcano, 1985; de Sisler et al., 1985; Shahzad & Ghaffar, 1989), 
though in some places the results have been inconclusive. Therefore more in-depth 
investigations are still needed to elucidate the problem. 
The most important quality of the fungus is its ability to r^idly colonize 
nematode reproductive structures in a short span of time and to survive host-free 
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periods besides its capacity to grow axenically. It is a good competitor to other soil 
microorganisms. Moreover, P. lilacinus has a long-lasting residual effect in field 
conditions (Jatala et a/., 1981). In Philippines it is being produced commercially 
under the trade name of 'BipON' (Jatala. 1986). 
Although PAilacinus has been proved to be an efficient bio-control agent 
of nematodes, its accepatance and recommendation for wider use should be made 
coutiously because the organism is also a facultative human pathogen (Kerry, 1987). 
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Introduction 
As nematodes share the soil environment with a multitude of soil microfauna, 
interaction of one with the other or amongst themselves not only becomes unavoidable 
but also necessary. Of the various types of associations that may possibly occur or 
that may exist between these groups, the ones that can be detrimental to nema-
tode populations may be helpful in biological control programmes. Interacting soil 
microorganisms may reduce nematode populations in several ways. Some groups 
such as the viruses, rickettsias and bacteria may debilitate nematodes by their parasitic 
mode of life while others such as the protozoans, may prevent a population build up 
of nematodes by predating upon them. Parasitism and predalion can occur on all 
stages of life, e.g., eggs, juveniles and adult nematodes. 
Although the advocacy for the biological control of nematodes may date back 
to six or seven decades, awareness in this field and the potential of biological 
control was brought into sharp focus only in the recent times. A major contributing 
NEMATODE BIO-CONTOOL : ASPECTS & PROSPECTS (Eds.-M.S. Jairajpuri. M. M. Alam 
& I. Ahm«d). CBS Publishers & Distributors, Delhi, India. 1990. 
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factor in this regard was the backlash of extensive use of nematicides which brought 
to knowledge the toxicity of many of these chemicals to humans and animals and 
ultimately led to a ban on their use. 
As scientists looked for cheaper, non-toxic and pollution-free control methods, 
the prospects of evaluating the role of soil microorganisms received greater impor-
tance. But despite these efforts, progress has been very slow and much still remains 
to be known about the various aspects of the biology and ethology of these animals 
for successfully utilizing them in biological control or integrated pest management 
programmes. This article discusses the recent advances made in the biological 
control of nematodes with some of the aforementioned soil microfauna. 
Viruses 
The status of viruses as pathogens of nematodes has not been clearly defmed, and 
it may be so expected, as not many workers have reported this phenomenon, nor has 
there been any rigorous study on this aspect Loewenberg et al. (1959) were perhaps 
the first to report a viral disease of a phytophagous nematode, Meloidogyne incognita 
incognita juveniles which resulted in a reduced activity of the nematodes and a loss 
in their gall-forming ability. More than a decade later, Zuckerman et al. (1973) des-
cribed polyhedral virus-like bodies resembling a polyhedral virus associated with 
blueberry ringspot, within the intestinal epithelium of Dolichodorus heierocephalus. 
These bodies were arranged in a crystal lattice manner and occurred free in the 
cytoplasm or were contiguous with lipid bodies or the cell nucleus. But whether they 
were plant viruses or nematode viruses could not be ascertained. Viral pathogenicity 
on nematodes has been reported in swarming individuals of Tylenchorhynchus 
nuvtini (Ibrahim & HoUis, 1973). These workers attributed the abnormal and 
putative changes in the cuticle of swarming individuals to virus-like particles observed 
on the cuticle surface, hypodermis, muscles, and the digestive and reproductive 
systems. Ibrahim et al. (1973) further suggested that the association of a virus was 
responsible for the slow death of the swarming nematodes. 
Rickettsias 
The presence of rickettsia-like organisms in nematodes has been reported by several 
workers but the status of its association with the nematodes—whether a parasite or a 
symbiont is largely unknown. These organisms have been found in a variety of tissues 
and are also known to be transmitted from one generation to the next via the oocytes 
(Walsh. 1979). 
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Organisms tentatively identified as rickettsias were first observed in two species 
of cyst nematodes, G/ofeodcra rostochiensis and Heterodera goettingiana (Shepherd 
el al., 1973). These organisms were rod-like, measuring 0.3-0.5 um x 3.0 um with a 
well delineated cell membrane. Although predominantly present in the ovary, oviduct 
and the oocytes, they also occurred in the intestinal tissue, hypodermis and the 
sperm. Another rickettsia-like microorganism was described in the newly hatched 
second stage juveniles of Heterodera glycines (Endo, 1979). These organisms some-
what resembled those described earlier by Shepherd et cd. (1973) and occurred in the 
hypodermis, procorpus, stylet retractor muscles and the oesophageal gland tissue. 
Despite such a wide occurrence within the nematode body, tissue pathogenesis was 
not evident (Endo, 1979). Similarly, heavy infestations of the reproductive tracts of 
G. rostochiensis and H. goettingiana seemed to be of no consequence and fertilized 
eggs continued to be produced (Shepherd et al., 1973). However, Noel & Wilson 
(1981) found that infected juveniles of//e/ero</era ^/>ctn« did not develop normally 
and also produced fewer females as compared to uninfected populations. ^ This, 
perhaps, gives credence to the idea that these rickettsial organisms are parasites rather 
than symbionts. None-the-less, untill laboratory infections are achieved, the role of 
these organisms in their associations with nematodes will be difficult to ascertain 
(Kerry, 1986). 
Bacteria 
The association of bacteria with nematodes has long been known (Dollfus, 1946). 
However, the nature of the association was doubted by Sayre (1971), and Mankau 
(1981) also expressed reservations against the suggested parasitic nature of bacteria 
observed in nematodes. Bacterial antagonism in lysing several species of nematodes 
is known (Katznelson et al., 1964). Such chemical destruction could be exploited 
beneficially if bacteria* producing chemicals specifically against phytophagous 
nematodes could be identified. 
More recently, the spore-forming bacterium, Pasteuria penetrans (Thome, 
1940) Sayre & Starr, 1985 has emerged as a possible biocontrol agent of nematodes. 
Originally desaibed as a protozoan, Duboscqia penetrans Thome, 1940, it was 
renamed as Bacillus penetrans by Mankau (1975) when its prokaryotic nature was 
established by electron microscopy. Birchfield & Antonopoulos (1976) however, 
basing their observations on SEM, contended that it was a protozoan as described 
by Thome. 
Pasteuria penetrans is an obligate parasite, more precisely a hyperparasite, 
and occurs in different climatic conditions. It has been recorded from the vineyards 
of Australia (Stirling & White, 1982), the sugarcane fields of Mauritius (Williams, 
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I960; 1967), from South Africa (Spaull, 1981), from the Phillipines, Malawi, 
Brazil, Bolivia and India (Page & Bridge, 1985), the USA (Thome, 1940) and several 
other countries. In naturally occurring populations infections tend to be quite high 
and may be assumed to be playing a significant role in controlling certain nematodes. 
In Mauritius sugarcane fields, 34% of the Meloidogyne sp. were infected (Williams, 
1960). Spaull (1981) found 30% infection in Pratylenchus sp., 58% in Helicotylenchus 
sp. and 72% in Scutellonerm sp. in fields in South Africa. Overall, at least 13 species 
of phytophagous nematodes harboured the infection. Further observations (Spaull, 
1984) revealed that of the 73 fields sampled P. penetrans was present in 34% of them. 
In Florida, Esser & Sobers (1964) estimated 80% infection in Helicotylenchus sp. 
Earlier, Thome (1940) observed 60% of Pratylenchus in South Carolina and 28% 
in Georgia to be infected. 
The life cycle of P. penetrans consists of four stages: (1) Spore germination, 
(2) vegetative growth, (3) fragmentation, and (4) sporogcnesis. Germination of spores 
on Meloidogyne incognita starts about eight days after the infected juveniles have 
entered the roots and started feeding (Sayrc & Wergin, 1977; Sayre, 1980a). Spore 
adherence to the nematode cuticle is not obligatory to its germination and it has 
been estimated that only about 20% of the spores attached developed germ tubes 
(Sayre & Wergin, 1977). The developing germ tube gives rise to the vegetative 
hyphae which proliferate rapidly and form vegetative colonies. Proliferating 
colonies undergo periodic lysis of the intercalary cells allowing daughter colonies to 
establish at points further away from the site of infection (Sayre & Wergin, 1977). 
Ultimately, the terminal ceils of the fragmented colonies begin to differentiate by 
enlargement forming ovate structures. These ovate bodies through a series of 
developmental changes produce the spores which are highly resistant to desiccation 
(Sayre, 1980a). The life cycle of the host and pathogen are closely synchronized and 
by the time the nematode matures its body is completely filled with spores (Sayie, 
1980b). The duration of the life cycle is, however, temperature dependent and it may 
be prolonged to 85-100 days at 20°C while at 30°C it is completed in 20-30 days time 
(Stirling, 1981). The number of spores produced in an infected female is estimated to 
be in excess of two million (Mankau, 197S). 
The factors which govern the attachment of spores on to nematodes have 
been studied to some extent. Agitating a suspension of spores and Meloidogyne 
juveniles by bubbling air for 22h gave a good spore adherence on the nematodes 
(Stirling & Wachtel, 1980). Spores added to a suspension of nematodes did not yield 
any infected juvenile in 4h; however, in air dried spores or spores left in water for 
24h before inoculation, adherence was rapid occurring within five minutes in the 
former (O'Brien, 1980). In water, spore attachment was significantly reduced at 15"C 
but was not affected at temperatures of 22.5 and 30°C while in the soil spore 
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attachment increased significantly as temperatures increased from 15"C to 30°C 
(Stirling, 1981). This observation is in direct contrast to that of Dutky & Sayie (1978) 
where no significant difference in spore attachment was observed in soil heated to 
AQPC and in unheated soil. In fact spores in soil heated to 120°C did not lose their 
capacity to attach but the number of spores per juvenile and the percent infection 
was reduced. Spores heated from 60-120°C, however, did not penetrate the 
nematode cuticle (Dutky & Sayre, 1978). Certain edaphic factors such as soil moisture 
and pore size did not influence spore attachment (Dutky & Sayre, 1978). In naturally 
occurring populations in South Africa, Spaull (1984) found a predominance of the 
parasite in coarse textured soil. The mechanism of spore attachment is not too well 
known and Bird (1987) stated that no marked ultrastructural changes were observed 
in the nematode cuticle when spores attached and O' Brien (1980) suggested a pos-
sible implication of lectins in spore adherence. 
It is now well documented that P. penetrans is an obligate parasite of several 
plant parasitic nematode genera. Such a broad based host selection no doubt 
enhances the utility of the bacterium as a wide spectrum biocontrol agent but it has 
its drawbacks also. Reports in literature clearly indicate that certain phytophagous 
species are not parasitised (Mankau & Prasad, 1977). This would give competing 
plant parasitic species a decisive edge (Bird &. Brisbane, 1988) and although the 
populadon of one species may be brought down by the bacterium another species may 
build up. Intra-generic specificity has been demonstrated in species of Meloidogyne 
where spores from one population did not adhere readily to another population of 
Meloidogyne but complete lack of attachment was never encountered (Stirling, 
1985). Similarly, spores cultured on M. javanica infected M. incognita and M. arenaria 
readily but not M. hapla (Mankau & Prasad, 1977). Spores from M. javanica have 
been found to infect Pratylenchus scribneri but not P. vulnus (Sdrling, 1985) and it 
was suggested that to counter the diversity within root-knot populations it would 
be necessary to have a bacterium with a wide host range. Bird & Brisbane (1988) 
suggested that for a beuer control, the idea should be to provide a range of 
P. penetrans capable of parasitising the common plant parasites in any area. 
The specificity of spores in adhering to different nematodes has been reported 
by several workers. Spaull (1984) suggested the presence of two biotypes, one which 
readily infected M. javanica and to a lesser extent M. incognita and the second 
which was equally infective to both species. More recent morphological studies on 
the sporangium and endospores of P. penetrans from different nematode species 
give indications of the possible existence of new bacterial species (Sayre & Golden, 
1987; Sayre et at., 1987). 
The effectivenes of P. penetrans in controlling Meloidogyne spp. is quite well 
established and its ability to prevent nematode reproduction is an ideal characteristic 
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of any biocontrol agent. Page & Bridge (1985) reported complete destruciion of glass 
house M. acronea cultures by the bacterium. Similarly pot cultures of Meloidogyne 
populations were near to extinction within 4-5 generations (Manka'j,1980). Cucumbers 
grown in M. incognita infested microplots gave consistently higher yields in spore 
treated than in non-spore treated plots. Parasitism was so effective that yield differences 
were insignificant between treated and uninfected controls (Sayre, 1984). Stirling 
(1984) also recorded no difference in yield between bacteria treated and nematicide 
treated soil. Dube& Smart (1987) obtained a yield of 62% of the control in microplots 
treated with P. penetrans as compared to 50% in those treated with PaecU omyces 
lilacinus and 76% in the combined ireaimenL Untreated plots gave a yield of only 29% 
of the control. Field trials with the bacterium have also given significant increase in 
yield of crops (Brown et al., 1985). Pratylenchus scribneri populations were reduced 
by 50% in 55 days under glasshouse conditions (Prasad & Mankau, 1969). Under 
experimental conditions, infection of Meloidogyne appears to be directly propor-
tional to the rate of application of the bacterium and in a dose of 100 mg/kg of soil 
all juveniles were infected in two hours (Stirling & Wachtel, 1980). In reclaimed virgin 
forest land continuously cultivated to upland paddy, Nishizawa (1987) observed a 
growth of Heterodera elachista for four years and then a rapid decline correlated 
with high levels of P. penetrans. 
What makes P. penetrans an ideal biocontrol organism? Its foremost 
characteristic of preventing reproduction and thereby suppressing population 
growth may be sufficient to qualify its ' idealness'. Moreover, it is known that invasion 
by Af. javanica juveniles may also be reduced under stress of a high spore burden 
(Stirling, 1984). But the fact that it has added advantages enhances its practical utility. 
The synchronised life cycle within species of Meloidogyne (Sayre, 1980b) and its 
ability to withstand adverse conditions are characteristics not found in nematode pre-
dators. Thus it has been observed that the initial process of spore attachment is not 
affected within a pH range of 4.5-8.5 (O'Brien, 1980) and some of the commonly used 
nematicides also exerted no deleterious effect with the exception of DBCP which was 
slightly toxic (Mankau & Prasad, 1972). Another study involving the use of nematicides 
DBCP and 1,3-D and bacterium indicated no profound effect and 72-93% of 
M. javanica juveniles in nematicide treated soil were infected in 24h (Stirling, 1984). 
This tolerance makes P. penetrans compatable to Integrated Nematode Management 
(INM) programmes involving the use of nematicides. Its prolonged viability under 
non-host conditions (Nishizawa, 1984) could be used advantageously to provide a 
back-up reargaurd action in INM programmes. 
The effect of bacterial products Degraded bacterial metabolic products in the soil 
have at times been known to influence nematode populations. Johnston (1959) 
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believed that Clostridium butyricum reduced Tylenchorhynchus martini population 
by producing formic, acetic, propionic and butyric acids toxic to the nematodes. 
The bacterium Desulfovibrio desulfuricans has been implicated in the production of 
HjS in sufficent quantities to reduce parasitic nematode populations in flooded paddy 
fields (Rodriguez*Kabana et al., 1965). Ammonia produced as a result of decomposition 
of organic matter in the soil is also thought to play a signiflcant role in depleting 
nematode populations (Mankau & Minteer, 1962). More recent studies have been 
aimed at the role of bacterial toxins on nematodes. The heat stable exotoxin of 
Bacillus thuringiensis is known to be toxic to Meloidogyne sp., eggs and juveniles 
(Prasad et al., 1972, c.f. Mankau, 1983) while Thuringiensin-A was toxic to Panagrellus 
redivivus (Ignoffo & Dropkin, 1977). An unidentified loxui from B. thuringiensis 
israelensis was toxic to eggs and juveniles of Trichostrongylus colubriformis (Bottjer 
& Bone, 1987) but apparently has not been tested against plant parasitic nematodes. 
Protozoa 
Several types of protozoans are known to parasitize nematodes but unfortunately, 
in most, their characteristic mode of transmission, by ingestion of resistant spores or 
cysts, precludes their use in biological control programmes (Canning, 1973). Thus the 
coccidian parasite Legerella helminthorum Canning, 1972 parasitizes the intestinal 
cells of Coomansus composticola and forms resistant oocysts which are discharged 
into the lumen of the gut (Canning, 1973). The oocysts when passed out can infect 
other nematodes, if ingested, and here transmission tends to be self-limiting in that 
only nematodes with a broad stoma may become parasitized and the spear lumen of 
tylenchs is too narrow for the infective oocysts. Similarly the promastigote, Leptomonas, 
infections are known in rn7o6u5 ^raci/j's (Bulschli, 1878), in Diplogaster longicauda 
(Goodey & Triffit, 1927) and in Poroigrolaimellus magnibucca (Bovien, 1937) but 
none have been recorded in tylenchid nematodes. More recently, the flagellate Bodo 
caudatum was observed in thionazin U'eated as well as untreated dead Ditylenchus 
dipsaci (Canning, 1973). Bacterial and flagellate aggregations around the excretory 
pore were pronounced. Ascertaining the part played by the flagellate, or the bacte-
rium or even thionazin if any, was not possible but none-the-less, Bodo caudatum 
does hold some promise as an agent of bio-control in that it can enter the nematodes 
through the excretory pore (Canning, 1973). 
Predation by protozoans have been observed in several species of amoeba. 
The earliest observations of an amoeboid organism feeding on Globodera rostochiensis 
larvae was by Weber et al., (1952). This amoeba was subsequently identified 
zsTheratromyxa weberi by Zwillenberg (1953). Engulfing of prey which normally 
took 20 min to 2h led to encystmcni of the amoeba (Weber et al., 1952). Such amoebic 
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cysts generally known as digestive cysts were larger than the resting cysts (Sayre 
& Wergin, 1979). The process of digestion, within the cyst, lasted nearly 24h after 
which excystment followed resulting in the production of 4-8 daughter amoebae each 
of which emerged through a separate pore (Sayre & Wergin, 1979). In Urostyla 
sp. the nematodes that were engulfed, either wholly or partially, were generally able 
to rupture the protozoan and destroy it, themselves being unaffected (Doncaster & 
Hooper, 1961). Esser's (1983) observations on a species of Thecamoeba also indicates 
some weakness in the prey catching mechanism. Those nematodes that were held in a 
pellicle fold sometimes escaped but those that were ingested lengthwise were killed 
by compression of the body. 
It seems that predatory soil protozoans play only a limited and insignificant role 
in influencing nematode populations in the soil. Lack of musculature and sensitive-
ness to conditions in which nematodes survive makes them unlikely candidates for 
an effective biological control programme (Esser, 1983). Greenhouse tests using 
T. weberi have also proved ineffective in controlling M. incognita on tomato 
although the protozoan preyed and reproduced in a wide temperature regime 
and withstood considerable variation of pH (Sayre. 1973). 
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Introduction 
The soil-inhabiting nematodes dominate over all other animals, both in numbers and 
species. They mainly fall under four groups based on their feeding types-the micro-
phagous which feed on microorganisms, the saprophagous obtaining food from the 
dead and decaying organic matter, the phytophagous feeding on plants and the pie-
daceous which kill other organisms for food. The predatory nematodes fall under 
three categories depending upon their mode of feeding and the type of feeding appa-
ratus. The first type are those which feed by cutting the body of prey and then 
sucking its body contents as they are unable to engulf intact preys. These predators 
possess small but well developed buccal cavities and belong mainly to the order 
Diplogasterida. The second type of predators are those which feed by a 
combined action of cutting and sucking as well as at times, engulfing a prey whole. 
The latter group of nematode predators which belong to the Order Mononchida 
possesses a strong and comparatively larger buccal cavity provided with teeth, 
NEMATODE BIO-CX)NTROL : ASPECTS & PROSPECTS (Edi. M.S.-J»inijpuii, M. M. Alam 
& I. Ahmad). CBS Publishers & Distributors, Delhi, India. 1990. 
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tooth and denticlest In fact the entire group of mononchs is predaceous. 
The third group is of those which feed only by puncturing the cuticle of prey and 
then suck their body contents. The feeding apparatus of this letter group /. e. belon-
ging to the Suborders Dorylaimina, Aphclcnchina and Nygolaimina is of piercing 
and sucking type (siylet/spear/mural tooth). 
The possibility of using predatory nematodes specially the mononchs for 
checking populations of plant parasitic nematodes in soil was speculated by Cobb 
(1917) while making observations on their biology and predatory ability. Later, Cobb 
(1920) and Steiner & Heinley (1922) suggested the use of Clarkus papillatus in 
controlling populations of nematodes in sugar-beet fields. However, Thome (1927) 
considered that the species of mononchs present in sugar-beet fields are usually 
insufficient to bring about encouraging results as far as control of phytoparasitic 
nematodes was concerned. Cassidy (1931) concluded that under suitable conditions 
lotonchus brachylaimus might partially control populations of pest nematodes. 
Christie (1960) suggested that the use- of predatory nematodes should be assessed 
for determining the practicability of their use in the control of plant parasitic 
nematodes. Further studies in this direction were made by Mulvey (1961), Esser (1963), 
Esser & Sobers (1964) and Riiter & Laumond (1975). The nature and source of food 
of a majority of mononchs has not yet been determined. Of those known, they feed 
on a variety of soil micro-organisms including nematodes (Banage, 1961; Aipin & 
Kilbertus, 1981). According to Webster (1972) and Jones (1974) non-specific pre-
dators like mononchs exert only partial control and the possibility of these being 
successful agents of biological control are remote. Nelmes (1974) compared the 
predation abilities of Prionchulus punctatus with those of predatory arthropods 
(Solomon, 1949 j Holling. 1966). According to Cohn & Mordechai (1974) Mylonchulus 
sigmaturus predates upon the ciuiis nematode, Tylenchulus semipenetrans and when 
the predator density is high the population of T. penetrans is low. Consequent, upon 
these observations research on predatory mononchs gained some impetus and 
investigations were made on their life cycle (Macrtens, 1976); predatory behaviour 
(Grootaert&Maertens, 1976; Jairajpuri&Azmi, 1978; Bilgrami«.a/.. 1984); ultrastruc-
lure and function of feeding apparatus (Grootaerl & Wyss, 1979); predation abilities 
(Small, 1979;Small&Grootaert, 1983);effect of mechanical stimulation and CTowding 
on predation (Azmi & Jairajpuri, 1979), factors influencing predation (Bilgrami e/.a/., 
1983 & 1984; Nelmes, 1974); cannibalistic tendency (Azmi & Jairajpuri, 1978; Bilgrami 
& Jairajpuri, 1985a) and intra-specific interactions (Bilgrami et. al., 1988). 
The predatory potential of nematodes belonging to suborders Dorylaimina, 
Nygolaimina and Aphelenchina has not yet been fully explored. Cobb (1929), 
Thome (1930 & 1939) and Linford & Oliviera (1937) reported several species of 
Aporcelaimus, Nygolaimus, Secionema, Labronema, Dorylaimus and Actinolaimus 
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as prcdaceous. Esser (1963) also observed species of these genera besides those of 
Carcharolaimus lobe prcdaceous. Many species of Seinura are predatory in nature 
feeding upon different types of prey (Linford &01iviera, 1937; Hcchlcr, 1963). Wyss 
&Grootaert(1977)and Bilgramie/.a/., (1985a) were the first to give detailed accounts 
of the predation abilities of dorylaim and nygolaim predators, viz., Z.fli/-onemfl vul-
vapapillatum and Aquatides thornei respectively. Recently, Shafqat ei. a/. (1987) 
have studied the prey catching and feeding mechanisms in Dorylaimus stagnalis and 
factors influencing its predation. It seems possible that these groups may possess 
more species which could be prcdaceous in nature particularly those belonging to 
Eudorylaimus, Mesodorylaimus. Aporcelaimus, Aporcelaimellus., Laimydorus, 
Nygolaimusani Sectonema. The dorylaim predators are omnivorous as they also feed 
on algae and fungi besides feeding on nematodes (Mollis, 1957; Ferris, 1968; 
Wood. 1973). 
The diplogasterid predators are also important and may prove to be promising 
agents of biological control, but only further studies can confirm their utility. The 
studies which have been carried out so far on Diplenteron colobocercus,Butlerius sp., 
B. degressei, Mononchoides fortidens and M. longicaudaius (Yeates, 1969; Grootacrt 
et. ai, 1977; Small & Grootaen. 1983; Bilgrami & Jairajpuri, in press) suggest that 
they are quite active animals possessing great predatory abilities as compared to 
other group of predators. The nematodes belonging to Monohysterida, Bathyodon-
lina and Actinolaimoidea are also perhaps prcdaceous as is evident from the struc-
ture of their feeding apparatus. In the following a review of the work that has 
already been done on the predatory nematodes is given as to assess their predatory 
potential and to explore the possibility of their use in the bio-control of plant parasitic 
nematodes. 
FEEDING APPARATUS 
The mononchs. Though, only some species of other nematode 
groups are predaceous, all species of the Order Mononchida feed exclusively by 
predation and hence may be of considerable importance to agriculture. The mononchs 
generally have large stout bodies, a strongly sclerotized usually barrel-shaped feeding 
apparatus (also known as stoma or buccal cavity) consisting of two sets of three plates 
(one dorsal and two subventrals) each. The anterior set is more developed, large and 
vertically placed as compared to the posterior set which is small, oblique and embedded 
in the anterior part of oesophagus. The dorsal plate of the vertical set always bears a 
large sharply pointed tooth, while the subveniral walls usually bear either similar or 
smaller tooth, teeth or denticles whose number and arrangement is greatly variable. 
-9 "5-
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The muscles in the cephalic region ihai help in catching the prey are of two types. 
The labial muscles are a set of six muscles attached posteriorly to the oesophagus. 
Towards the anterior region these are bifurcated and each band is connected to a 
different lip. In this way each labial muscle can control two adjacent lips and each 
lip is conuolled by two different muscles. The outer set is of stomal muscles which 
are attached to the vertical walls posterior to the denticles. Two of these muscles are 
subdorsal, two subventral and four subiateral. The buccal cavity with its associated 
muscles forms the trophicoscnsory organ of the mononchs. As soon as contact with 
the prey is established,, the labial muscles contract and pull the lips outwards and 
backwards so that the mouth and the vestibule are wide open (Coomans & Lima, 1965). 
The buccal armature helps in catching the prey, puncturing its body and engulfmg 
it either intact or by culling it into pieces. The food consisting of either intact prey 
or its internal body organs or body fluids is sucked into the oesophagus by repeated 
actions of the stoma. The oesophageal muscles and the hydrostatic pressure of the 
body help to open and close the lumen of the oesophagus and push the food through 
the oesophagus into the intestine (Roggen, 1973). 
The dorylaims. Dorylaim predators can not engulf or devour the entire 
prey or cut its body into pieces because of their feeding apparatus which is merely of 
the piercing and sucking type. With the help of their dagger-shaped odontostyle 
(stylet/spear) they puncture the body wall of the prey and suck its body contents. 
The feeding apparatus, consisting of a vestibule, guiding ring, guiding sheath, 
odontostyle and odontophore perform this act. The odontostyle lies at the base 
of the guiding apparatus overlying the odontophore. The odontophore is in conti-
nuity with the oesophageal lumen and is usually surrounded by an ellipsoidal 
swelling. 
In typical dorylaims the odontostyle is axial in position but in nygolaims it is 
non-axial and is called mural tooth. The former has a dorsal apperture and groove 
but the later does not have an opening or groove. The prey contents (semi-solid, 
particulate) pass through the odontostyle of dorylaims while it is sucked up by the 
combined action of the guiding sheath (pharynageal cavity) and the basal part of the 
stoma (telostome or odontophore) in nygolaims. 
The actinolaims. In aciinolaims the vestibule is reinforced with plate-like or ribbed 
basket-like structures which may frequently be accompanied by large onchia with or 
without denticles. This additional armature may be helpful in killing the prey and cutting 
open its body wall. etc. Three sets of specialized muscles-dialator buccae, protractor 
and retractor muscles are attached to the feeding apparatus of actinolaim nema-
todes and bring about its forv/ard and backward movements during feeding. 
-94-
59i 
The aphelenchs. The predatory feeding is known lo occur in the species of 
Seinura. These nematodes possess a small narrow spear, with a lumen but without 
basal knobs, supported by muscles for its forward movement during feeding. The 
spear is piercing and sucking type. Once the body of the prey is punctured, the 
secretions of the oesophageal glands of the predator are poured into the prey with the 
action of the powerful median oesophageal bulb. The prey is paralysed almost 
instantaneously and its body contents arc sucked by the predators. The median 
oesophageal bulb helps the ingestion of prey contents by creating a suction force. 
The diplogasterids. Species of Mononchoides( =Tridontus) are excellent 
examples of predators in this group of nematodes. Though, they possess a compa-
ratively small buccal cavity but it is well armed with teeth of different sizes which are 
located at different positions (Jairajpuri et. al., 1973). The feeding apparatus of 
diplogasterid predators is of cutting and sucking type and called stoma or buccal 
cavity. The mouth of these predators is circular with 6 pairs of 'rugue' and 10 labial 
papillae, lips are inconspicuous and may be fused. The buccal cavity is made up of 
components similar to other rhabdilid nematodes. It may be divisible into a wide, 
strongly sclerotized anterior part and a comparatively narrower, longer and lightly 
sclerotized hinder part. The cheilorhabdions, which are anteriad in position and form 
cheilostome of the stomaA»uccal cavity, arc undivided (unlike other rhabditids) and 
appear to protrude outside the lip region. Pro, mcso- and meta-rhabdions form the 
middle part of the buccal cavity. The pro- and mcsorhabdions are strongly 
sclerotized. The dorsal meta-rhabdions arc heavily sclerotized and provided with a 
claw-like tooth, having its apex directed anteriorly. This claw-like tooth situated on 
the dorsal meta-rhabdion is called dorsal tooth which is movable and hollow from 
inside. It receives a duct from the dorsal oesophageal gland which opens in the 
region of the buccal cavity. The large dorsal tooth seems to be the main killing 
weapon. It is also responsible for the ejection of secretions from the oesophageal 
glands for the purpose of extra-corporeal digestion. The subventral walls opposite 
to the dorsal tooth bear small, rose-thorn shaped teeth while the narrower hinder part 
of the buccal cavity bears a small tooth at its base. Some species also possess 
denticles which help in grinding the food particles. Tclo-rhabdions are weakly 
sclerotized, situated at the posterior end forming the iclostome of the buccal cavity. 
Other predators. The predators like r/ia/arJoge««.y (Pelagnematoi-
dea) possess a buccal cavity and armature which superficially resembles that of a 
mononch (Orton Williams & Jairajpuri, 1984). They may perhaps have similar 
feeding habits (convergence). The cnoplid nematode, Ironus and other related genera 
(van dcr Hciden, 1974) have three sharply pointed teeth which act as ripping organ 
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for tearing open the tissues of the prey. The large cylindrical pharyngeal 
(oesophageal) cavity acts as sucking organ. Well developed muscles are associated 
with the feeding apparatus in members of Ironidae. 
PREY CATCHING AND FEEDING MECHANISMS 
The prey catching and feeding mechanisms of the majority of predators belonging 
to different groups of nematodes may conveniently be divided into five more or less 
distinct phases viz., encounter wUh prey, attack response, attack, salivation]extra-
corporeal digestion and ingestionlfeeding (Bilgrami & Jairajpuri, in press). 
Predator-prey encounter : This is an important factor which initiates predation and 
most likely governs the rate of predation. These encounters largely depend upon 
chance. Increase in encounters also increases rate of predation. The dorylaim 
predators, Labronema vulvapapillatum, Aquatides thornei and Dorylaimus stagnalis 
are attracted towards excised prey (Esscr, 1963) and aggregated at feeding sites 
around the prey which has been injured or captured by another predator (Wyss & 
Grootaert, 1977; Bilgrami et. al., 1985; Shafqat et. ah, 1987). These observations have 
led to the speculation that some kind of chemo-altraciion was involved in predator-
prey encounters. The diplogastcrid predators viz., M. longicaudaius ani M.fortidens 
are able to perceive prey altractanls and respond positively and significantly towards 
live and excised free-living, ecto and endo-parasitic nematodes and bacteria (Bilgrami 
& Jairajpuri, 1988). The pre- (during feeding) and post-feeding aggregation (after the 
prey is completely consumed) of these predators and that of D. colobocercus 
(Yeates, 1969) has also been observed at feeding sites. This suggests more than a 
casual role of chemo-attraciants in establishing predator-prey encounters, besides 
merely the chance contacts. The attraction and aggregation of all these predators 
seems to be in response to prey sccreiions/aitractants. 
The chemo-attraction in dorylaim and nygolaim predators is rather poor as 
the nematodes take quite a long time to reach their feeding sites and also aggregate 
only in fewer numbers (2-4 individuals). Though positive attraction is evident in 
these predators, it occurs only when the prey nematode is artificially excised (Esser, 
1963). It, therefore, shall have little impact on the actual predator-prey encounters as 
the response, if it has to be significance, should be towards live and intact prey like 
the diplogastcrid predators which are aiu-actcd towards live prey besides excised 
ones. They also aggregate rather quickly, in large numbers (up to 10 individuals). The 
ability of diplogastcrid predators to respond towards the attractants of live prey 
increases significantly the predator-prey encounters. In mononchs the predator-
prey encounters depend only on chance. The absence of chemo-attraction in 
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mononchs is compensated lo a great exicni by the activity of these predators and 
their efficient prey catching mechanism. 
The dor\'laim predators perceive prey attractants only from short distances 
(Esser, 1963) and their perception level varies from species to species and within a 
species from individual to individual (Doncastcr & Seymour, 1973). The attraction of 
diplogasterid predators, M. longicaudatus and M. fortidens is governed by different 
biotic and abiotic factors including their distance from the source of prey attractants. 
Factors, like temperature and period of starvation of predators, could also be respon-
sible for varying degree of attraction in these predators. Studies on diplogasterid 
predators indicate their attraction also towards bacteria. Yeates (1969) observed 
attraction oiDiplenteron colobocercus towards a bacterium Bacillus cereus var mycoides. 
M. longicaudatus and M. fortidens responded positively towards unknown bacteria 
cultivated on agar by adding infant milk powder (Bilgrami & Jairajpuri, 1988). These 
predators could reach prey nematodes, bacteria and other source of food by chance 
or wilful movements (Poinar & Hansen, 1986), their orientation i& determined by 
probing movements of the head (Ward, 1976; Seymour et. al. 1983) and location of 
prey or bacteria depends upon papillae and amphids (McLaren, 1976; Wright, 1983). 
Attack response Attack response of predators is indicated by their head probing 
and oesophageal pulsations. The probing is an important phenomenon helping the 
predators not only to identify their prey but also lo locate a suitable spot on the prey 
body for initialing an attack and thereby attaining a suilable posture for launching an 
attack. The most appropriate posture is attained when the predator establishes lip 
contact with the prey usually at right angles and a vacuum is created by the 
oesophagus. The body of the prey is ihcn slit opened or punctured. The attacks arc 
usually successl'ul when right angle conDcls with the prey are established. 
Glancing contacts or contacts other then those at right angles do not neccessarily 
initiate an attack resulting into prey wounding (Bilgrami ei. al., 1984). Such 
unsuccesful contacts lead to ihe escape of prey from attack. 
The probing may be quite aggressive in P. punctatus, M. dentatus (Nelmes, 
1974; Jairajpuri & Azmi, 1978); vigorous and confined only to short distances in 
L. vulvapapillaium (Wyss & Grootacrt, 1977); or gradual and restricted lo short 
distances in A. ihornei and D. stagnalis (Bilgrami el. al., 1985a; Shafqat et. al., 1987). 
The probing in .V/. aquaticus is rapid, side to side lip rubbing of the prey cuticle 
lasting for very short durations (Grootacn & Wyss, 1979). M. longicaudatus probed 
its prey for slightly longer duration but probing by M. fortidens was more vigorous 
(Bilgrami & Jairajpuri, in press). The probing in Butlerius sp., occurred in the 
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for: 1 of quick head shaking and lip rubbing in order to establish a full contact 
with the prey (Groolaerter. a/., 1977). 
Attack When predator comes in contact with the prey, either by chance or wilful 
movement, it establishes a lip contact. Contact with any other region (non-labial 
contacts) does not start an attack as full lip contact is essential for this act. While 
attacking, the predatory nematodes do not show preference for any particular pan 
of the body of prey (Grootaert & Wyss, 1979) as they attack rather indiscriminatly 
involving all regions of prey body. 
The mechanism of attack differs from predator to predator depending upon 
the type of feeding apparatus. M. aquaiicus attacks prey by moving its lips in a backward 
direction resulting in its mouth being wide open and the tooth coming in close contact 
with the prey (Grootaert & Wyss, 1978). M. deniatus initiates attack by widely opening 
its vestibule with the help of labial muscles and exposing the dorsal tooth and den-
ticles to bite the prey (Jairajpuri & Azmi, 1978). L. vulvapapillatum begins an 
attack by thrusting its stylet vigorously (Wyss & Grootaert, 1977) and A. thornei 
and D. stagnalis attack prey by gradual and intermittent thnisting of their mural 
tooth and odontostyle respectively (Bilgrami ei. ai, 1985a; Shafqat et. al., 1987). 
D. colobocercus, Butlerius sp., M. longicaudatus and A/, fortidens attack with the 
help of their movable dorsal tooth and the oesophageal suction (Yeates, 1969; 
Grootaert et ai, 1977; Bilgrami & Jairajpuri, in press). 
Cuticle perforation may be achieved rather quickly with the help of odonto-
style (dorylaims), mural tooth (nygolaims), spear (aphclenchs), dorsal tooth (mononchs), 
onchia (actinolaims), teeth (enoplids) and the combined action of high suction force 
of the oesophagus and movable dorsal looih etc. (diplogasterids). L. vulvapapillatum 
required not more than five odontostyle thrust to puncture the prey cuticle but 
A. thornei and D. stagnalis needed 8-10 mural/stylet thrusts for achieving this. The 
mononchs- also attain cuticle perforation rather quickly. The aphelcnchid predators, 
chiefly the species of Seinura, paralyse the prey by injecting them with salivary 
secretions (Linford & Oliviera, 1937; Hcchler, 1963). The dorylaim and nygolaim 
predators paralyse their prey by disorganizing their internal body organs with the 
help of their odontostyle and mural looih respectively. Mononchid and diplo-
gasterid predators inactivate their prey by the high suction of their oesophagus. 
Salivation/extra-corporeal digestion : The ingestion and feeding upon prey contents 
starts soon after the prey cuticle is slit opened or punctured. Extra-corporeal digestion, 
similar to plant parasitic nematodes (Wyss, 1971) also occurs in predatory nematodes 
(Lee & Atkinson, 1976). In stylet bearing predators (dorylaims, nygolaims, aphe-
lenchs) the oesophageal secretions containing enzymes are injected into the prey 
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body with ihc help of feeding apparatus and these cause the pre-digeslion of the 
food before it is sucked up by the predators. Through the action of these 
enzymes (histolytic) the complex food globules are broken down into simpler and 
smaJIer panicles which can enter the hollow stylet. The extra-corporeal digestion 
has been observed in D. colobocercus (Yeates, 1969), Butlerius sp. (Grootaert et al, 
1977); L.vulvapapillatum (Wyss & Grootaert, 1977); Af./ongicau^fitf indM.fortidens 
(Bilgrami & Jairajpuri, in press). In case of mononchs no such observation has been 
made which could indicate the occurrence of extra-corporeal digestion. It could be 
possible thai these predators do not require salivation because of the fact that they 
possess a well developed, wide and strong buccal cavity with which they could 
engulf even an intact prey. 
Ingestionlfeeding The feeding starts as soon as the cuticle of the prey has 
been punctured. The ingestion of prey contents is intermittent (short periods of 
sucking activity) in almost all the predators. The mononchs swallow their prey intact 
or puncture its cuticle with the help of suction and buccal armature. However, species 
of Mylonchulus do not engulf whole prey (Bilgrami et. al., 1986) and feed by cutting 
it into pieces (Jairajpuri & Azmi, 1978). The swallowing of whole prey is aided by 
the contraction of oesophageal muscles which pull the prey into the oesophageal 
lumen and the posterior oblique plates assuming vertical position (Grootaert 
& Wyss, 1979). 
The siomaial muscles along with the suction probably provide a good hold on the 
struggling prey. Further, after the feeding has been accomplished these muscles restore 
the head region to its original position thereby acting as retractors. The marginal, muicles 
of the oesophagus assist in the closure of lumen. The act of devouring an entire prey 
may lead the mononchs to move randomly once again in search of yet another prey 
but sometimes they also become inactive for short durations (Nelmes, 1974). 
The dorylaim, nygolaim and aphelenchid predators cannot swallow or engulf 
their prey whole or cut them into pieces because of the piercing and sucking type 
of their feeding apparatus. These predators feed by puncturing the cuticle of the prey 
and then sucking its body contents, .\fter penetrating the body of prey the predators 
mo\e their feeding apparatus sideways. During these movements each odontosiyle 
protrusion is accompanied by a suction which is caused by the contraction of oesophageal 
muscles. As soon as the ingestion begins the stylet/tooth which is nearly protruled fully 
with the anterior fold of the guiding sheath close to the oral aperture. The ingestion is 
typically intermiuent and the suction is achieved by the contraction of radial muscles of 
oesophagus. Whenever, the radial muscles within the oesophageal bulB contract, the 
uiradial oesophageal lumen is dialaied and the bulb is stretched (Wyss & Grootaert, 
1977). Upon relaxation and simultaneous shortening of bulb, the oesophageal lumen 
narrows from front to its back. This allows the sucking in of the body contents and forcing 
them into the intestine through the oesophago-intestinal junction. The depletion of the 
prey's contents at the feeding spot is usually followed by searching movements of the 
feeding apparatus and finally by the separation of the lips from the prey and subsequent 
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retraction of the stylet/tooth. The same prey is then atDckcd at some other place and 
feeding starts all over again. These predators also feed upon the eggs of prey ncmaiodcs 
but not on their own eggs. When in contact with their own eggs they rub them with 
their lips several times but do not make an attempt to feed upon them (Esscr, 1963 & 
1987). The rubbing seems to be for the purposes of recognition of eggs. 
The diplogasterid predators viz., D. colobocercus, Butlerius sp., M. longicaudaius 
and M.fortidens also feed by puncturing the cuticle and then sucking in the contents of 
the body of prey. However, M.fortidens were observed to devour intact first and second 
stage juveniles of small-sized prey nematodes, -4crofre/ojdej sp., and Cephalobus sp., 
and also cut larger prey into pieces for feeding purposes. The ingestion and feeding in 
these predators is helped by the movable dorsal tooth and the suction force generated 
by the oesophagus with the help of oesophageal muscles. Nclmes (1974) observed 
'shunting' behaviour in P. punctatus as in the free-living nematodes (CroU, 1974), a 
phenomenon which was also observed in M. longicaudatus and M. fonidens. The 
predators moved forward or backward only up to a distance equal to about their own 
body length and then reverting back to their original positon for feeding once again on 
the prey. The type of feeding apparatus possessed by the actinolaims and enoplid 
predators suggests that they can feed by cutting the body of the prey. 
The prey nematodes may, sometimes, escape from the grip of predator either due 
to an unsuccessful attack or the inability of predator to pucture the prey cuticle or due 
to evasive actions taken by the prey nematode. The evasive action could be the ability to 
retreat instantly when attacked or the active undulatory movements. However, an injured 
prey while escaping may attract other predators which would then converge upon it. 
This phenomenon is seen commonly in dorylaim, nygolaim and diplogasterid predators 
but not in the mononchs. Though, predators may feed together but a definite struggle 
among them to feed first upon the prey could be noticed. This is more significant in 
diplogasterid predators. Group feeding is an interesting phenomenon as it allows 
predators to finish their prey rather quickly and then continue hunting. This results in 
increased predation as a group of predators may take far less lime to consume their prey 
than a single predator. During aggregation at feeding sites the average number of 
predators actually feeding is less than the total number of predators present (Bilgrami 
& Jaicajpuri, 1989a). The duration of aggregation at feeding sites and the actual feeding 
time may var>- from predator to predator and depends on the type of prey, texture and 
contour of prey cuticle, composition, concentration, quality and quantity of the prey 
contents. 
Feeding in predators is completed soon after the prey is completely consumed 
(diplogasterids, mononchs), devouring an intact prey (mononchs) or sucking in the whole 
body contents of prey except the cuticle (dorylaims, nygolaims, aphclcnchs). 
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Prey Preference/ Range of Prey 
The knowledge of predator-prey relationship and range of prey has great significance in 
formulating biological control programmes and in proper utilization of different kinds 
of predators. The observations on the predation abilities and preference of predators for 
different prey species were mainly made on live nematodes in aqueous suspensions 
(Thome, 1924; 1927); intestinal contents of preserved predators (Banage, l963;Szczgiei, 
1971;Bilgramie;a/., 1986);/nvj7ro (Jairajpuri & Azmi, 1978; Grootacrter a/., 1977) and 
in pot experiments (Cohn & Mordechai, 1974). Though, no predator is really prey 
specific but the range of prey is rather limited and differs from species to species. Esser 
(1963) observed that the predatory dorylaims and mononchs prefer Meloidoderafloriden-
sis, Pratylenchus penetrans, P. vulnus, Paratyienchus cunitatus and Mebidogyne spp. 
while Prionchulus punctaius preferred Anguina tritici and Aphelenchoides avenae but 
not Helicotylenchus (Nelmes, 1974). Mylonchulus dentatus, Dorylaimus stagnalis, 
Mononchoides longicaudatus and M. fortidens also killed fewer Helicotylenchus indicus 
(Jairajpuri & Azmi, 1978; Shafqat et al. 1987; Bilgrami & Jairajpuri, in press). The 
dorylaim predator, Labronema vulvapapillatum preferred Aphelenchus avenae, 
Panagrellus redivivus and Anguina tritici in place of P. penetrans and Xiphinema index 
*> (Wyss & Grootaert, 1977). Prey selection/preference has also been observed in 
diplogasterid predators. Builerius sp. preferred soil stages of endoparasitic nematodes 
in place of ectoparasitic ones (Grootaert et al, 1977). The prey nematodes \iz., 
Aphelenchoides fragariae,Mesodiplogasterlheritieri,Cephalobus sp., Alaimus sp., Rkab-
ditis sp. (larvae); the juvenile stages oiPratylenchus sp., Plectus sp., Monocnhus aquaticus 
and the adults and juveniles of Rhabditis oxycerca and Pelodera sp. were also attacked 
and consumed by Builerius sp. Rotylenchus robustus,Tylenchus macrurus, Meloidogyne 
naasi, Pratylenchus sp., Rhabditis sp., Plectus sp. and Mesodorylaimus sp. were attacked 
rarely but served as food for Butlerius sp., when artificially wounded. Tylenchorhynchus 
sp., Merlinius sp., Hemicycliophora sp., and Trichodorus sparsus were neither attacked 
nor killed by these predators. Butlerius degressei killed a large number of P. redivivus 
(Small & Grootaert, 1983). While observing the predation abilities of M. longicaudatus 
and M. fortidens, Bilgrami & Jairajpuri (in press) found that these predators prefer 
Acrobeloides sp., Cephalobus sp., P. redivivus, Hirschmanniella oryzae and the second 
stage juveniles oi fAeloidogyneincogniia and A. tritici, but did not feed upon Hoplolaimus 
indicus and Heinicriconemoides mangiferae. Other prey nematodes, viz., Rhabditis sp., 
Longidorus sp., Xiphinema americanum, Tylenchorhynchus mashhoodi and 
Helicotylenchus indicus were moderately preferred. Hoplolaimus indicus were preferred 
neither by Mylonchulus dentatus (Jairajpuri & Azmi, 1978) nor by Dorylaimus stagnalis 
(Shafqat et al., 19S7). Diplenteron colobocercus, however, did not show preference for 
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any particular type of prey and killed Mesorhabditis liitoralis, Panagrolaimus australis, 
Acrobeloides synisus, Zeldia punua in equal numbers. Cohn & Mordechai (1974) 
reported that the feeding by Mylonchulus sigmaturus was more on Tylenchulus semi-
penetrans or Meloidogyne javanica juveniles than on Helicotylenchus muliicinctus or 
Longidorus c^icanus. 
The selection of prey depends on the activity, size and the behaviour of prey 
nematodes. M. aquaticus preferred less active nematodes like Cephalobus sp., Aglenchus 
parvus as compared to more active Prismatolaimus sp. (Bilgrami et al., 1983). The prey 
selection may differ from species to species of predators. Thome (1932) found remnants 
in lotonchus acutus of those prey (Rotylenchus robustus, Trichodorus sparsus) which were 
not killed by Butlerius sp. (Grooiaert et al., 1977). 
Bilgrami etal. (1986) have analysed the intestinal contents of over 1000 specimens 
of 33 species of nine genera of Mononchida to assess their choice of prey. It was found 
that the choice differed widely and there was no clear-cut paiicm; Sporonchulus (one 
species); Prionchulus (one species); Coomansus (one species); Mononchus (two 
species); Parahadronchus (one species), Clarkus (two species); Miconchus (three 
species); Mylonchulus (nine species) and lotonchus (thirteen species) were analj'sed. 
The species of lotonchus preyed upon five genera each of Tylenchida and Rhabditida 
and seven of Dorylaimida and those of Miconchus on five genera of Tylenchida, four of 
Dorylaimida and three of Rhabditida. The prey nematodes belonging to three genera 
each of Tylenchida and Rhabditida and four of Dorylaimida were found in the intestine 
of Monochus and four of Tylenchida, two of Dorylaimida and three of Rhabditida in 
Clarkus were identified as prey. The most diversified type of prey nematodes belonging 
to eight genera of Tylenchida, six of Dorylaimida and five of Rhabditida were found in 
the intestine of Parahadronchus shakili. Predators belonging to Coomansus were found 
containing three genera of Tylenchida, one of Dorylaimida and two of Rhabditida in their 
intestine. The nematodes belonging to four, three and two genera of Tylenchida, 
Dorylaimida and Rhabditida respectively were identified as prey of Prionchulus. 
Sporonchulus preyed upon three genera each of Tylenchida and Dorylaimida and two of 
Rhabditida. None of the species of Mylonchulus (M. brachyuris, M. contractus. M. 
dentatus, M.lacustris, M. hawaiensis, M. amurus, M. muradi. M. sigmaturus. M. nanitalen-
sis) contained prey or their remains in the intestine. This conforms with the observations 
made by Mohandas & Prabhoo (1980). 
The species of Pratylenchus. Hoplolaimus, Tylenchorhynchus, Tylencholaimus, 
Aporcelaimus.Thomenema, Mylonchulus, Rhabditis, Acrobeloides and Chiloplacus 
were found most frequently in the intestine of different mononchs. Other prey nematodes 
not too frequendy encountered belonged to the genera Helicotylenchus. Hirschmanniella. 
HemicycUophora, Hemicriconemoides, Aphelenchus, Aphelenchoides, Discolaimus. 
Belondira, Axonchium, Dorylaimellus. Nygolaimus, Trichodorus, Xiphinema, Diph-
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therophora, Campydora, Mononchus, Clarkus, Miconchus. Acrobeles and Mesorhabditis 
besides few diplogasterids and monohysterids. Tylencholaimus, Tylenchorhynchus, 
Mylonchulus and Chiloplacus were found within the intestine of maximum number of 
species of mononchs. Tylenchorhynchus was observed in the gut of eleven species, 
Tylencholaimus in sev^ en, Mylonchulus in nine and Chiloplacus in eleven species 
belonging to different genera. Kind and number of prey nematodes varied and these were 
found either intact or in semi-digested condition in the intestine. The remains of the 
cuticle, spear/stylet, spicules, buccal cavity etc. were also observed frequently in the 
intestine. lotonchus trichuris, I. longicaudatus, I. indicus, Clarkus papillatus, Coomansus 
indicus, S. vagabundus and P. shakili also preyed upon rotifers besides soil and plant 
parasitic nematodes. 
Arpin (1979) and Mahapatra & Rao (1981) found a significant correlation between 
the populations of mononchs and free-living nematodes but Nelmes & McCulloch (1975) 
did not find such a correlation. Bilgrami et al., (1986) observed more free-living 
saprophagous (75%) nematodes than either the tylenchs (45%), dorylaims (42%) or 
the mononchs (27%)in thegut of mononchs. The heterogeneity of prey in the intestine 
of mononchs suggests that they are polyvalent and their predation aleatory. Similar 
conclusions were also arrived at by Mohandas & Prabhoo (1980). 
Prey Resistance and Susceptibility to Predation 
Every organism has one or the other kind of strategy, hereditary or aquired, for its 
survival or existence and to protect itself from the adver&e climatic conditions including 
the enemies. Like predatory nematodes which possess different kinds of mechanisms 
to overpower and then feed upon their prey or the plant parasitic nematodes which have 
developed mechanisms to locate their hosts, the prey nematodes have also evolved 
certain devices for defending themselves from the onslaught of the predators. This 
mechanism is termed here as prey resistance and may be defined as the ability to avoid 
predation (wounding). The susceptibility of prey represents the susceptibility to preda-
tion (Bilgrami & Jairajpuri, 1989b). The resistance is of varied type and it may be physical, 
chemical or behavioural in nature. Physical resistance is due to physical characteristics, 
such as, thick cuticle, body annulations, double cuticle, gelatinous matrix, etc. (Esser, 
1963; Small & Grootaert, 1983; Bilgrami & Jairajpuri, 1989b); the chemical resistance 
is because of toxic/unfavourable/repellent secretions (Esser, 1963; Bilgrami & Jairajpuri, 
1989b), while behavioural characteristic represents certain mechanisms of the prey 
nematodes to resist or to avoid predation by active body undulations (Bilgrami & 
Jairajpuri, 1989b), ability to retreat instantly when attacked (Esser, 1963); vigorous 
escape response (Grootaert et al., 1977; Small & Grootaert, 1983) and the inability of 
predators to attack and injure them (inert mechanisms). The wounding is an important 
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detenninani factor in predaiion. A wound may result in loss of hydrostatic pressure of 
body affecting locomotion and thereby making prey more vulnerable to predaiion. 
Wounding also permits invasion of pathogenic micro-organism, resulting into death of 
prey. Besides, the resistance of prey is lost if it is wounded or is in a weakened condition. 
The predation is measured in terms of number of prey killed, mere encounters between 
predator-prey may not necessarily result in wounding or death. Besides, wounding is the 
only intermediate factor between the mortality and survivality of prey organisms and 
hence could be taken into account for determining the degree of resistance of prey (ability 
to avoid wounding by physical, chemical or behavioural characteristics) and susceptibility 
(to succumb to wounding) to predation (Bilgrami & Jairajpuri, 1989b). 
The ability of different prey nematodes to defend themselves from predators may 
vary from species to species and from individual to individual and determines the degree 
of their rcsistance/susceptiblity to predation. Esser (1963) was the first to give a list of 
prey nematodes that were resistant or susceptible to predation by different dor>'laims 
and mononchs. Taking into the consideration the ability of prey to resist repeated attacks 
of predators successfully he considered Hoplolaimus tylenchiformis, Belonolaimus lon-
gicaudatus, Hemicydiophora similis, Dolichodorus heterocephalus, Criconemoides spp. 
Scutellonema spp., and Helicotylenchus spp. as resistant prey species. On the other hand 
Meloidodera floridensis, Pratylenchus penetrans, P. vulnus, Paratylenchuscurvitatus and 
Meloidogyne spp., were extremely susceptible to predation by different mononchs and 
dorylaim predators. Cohn & Mordechai (1974) found Helicotylenchus muUicinctus and 
Longidorus africanus as resistant prey species while Tylenchulus semipenetrans as the 
most susceptible. Grootaert er a/. (1977) while studying predation by 5u:/e/7U5 sp., 
concluded that soil (juveniles) stages of endoparasitic nematodes are exu-emely suscep-
tible to predaceous nematodes but the ectoparasitic nematodes resist predation fairly 
well. Tylenchorhynchus sp.,Tylenchus macrunis, Meloidogyne naasi, Meiiininus sp. 
Pratylenchus sp. (adults); Trichodorus sparsus and Hemicydiophora sp. were totally 
resistant to predation by Butlerius sp. Small & Grootaert (1983), while observing the 
predation abilities of Prionchulus punctatus, Mononchus aquaiicus. Butlerius degrissei, 
Labronema vulvapapillaium, Neoacanolaimus duplicidentatus, recorded Rhabditis 
oxycercafelodera sp. and Rotylenchusfallorobustus as resistant prey species. Panagrellus 
redivivus was the most susceptible prey while other free-living and ectoparasitic 
species wete relatively less resistant to predation. Recently, Bilgrami & Jairajpuri 
(1989b) reached almost similar conclusion and found P. redivivus, Cephalobus sp,. 
Acrobeloides sp., and the second stage juveniles of M. incognita and A. triticias most 
susceptible to predation by M. longicaudatus and M.fortidens. Hoplolaimus indicus and 
Hemicriconemoides mangiferae were totally resistant to predation. The other free-living 
and plant parasitic nematodes (Rhabditis sp. Tylenchorhynchus mashhoodi, Xiphinema 
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americanum, Longidorus sp. Helicotylenchus indicus. Hirschmanniella oryzae) \^ ere 
moderately susceptible/resistant to predation by M. longicaudatus and M.fonidens. 
The thick or double (sheath) cuticles are common amongst ectoparasitic 
nematodes {Hoplolaimus spp., criconematids) and may represent an anii-prcdation 
device in otherwise exposed and vulnerable prey species. Well developed annulaiions 
possibly provide further protection to prey nematodes from attacks by predators. Esser 
(1963) speculated that the resistance in Hoplolaimus sp., was due to their tough and thick 
cuticles. Small & Grootaert (1983) also suggested that the thick cuticle is a belter defence 
against rapid attacks of mononchs and diplogasterid predators. Esscr (1963) suggested 
that species of Helicotylenchus have a chemical resistance against predation as the 
predators rarely contacted or if contacted did not feed on them. He (I.e.) records two 
observations in which dorylaim predators withdrew suddenly after attacking a 
Helicotylenchus sp. and appeared to regurgitate some substance which could be noxious. 
The same holds true for the" predators, M. fortidens and M. longicaudatus which were 
attracted least towards Helicotylenchus indicus (Bilgrami & Jairajpuri, 1988) and did not 
prefer to feed upon these nematodes (Bilgrami & Jairajpuri, in press). Nelmes (1974) 
also observed Prionchulus punctatus refusing to feed upon Helicotylenchus dihystera. 
Besides, some prey nematodes (R.oxycerca;Plectus sp., and other rhabdilid nematodes) 
may avoid predation by their thick cuticles and rapid escape responses (Small &. 
Grootaert, 1983; Grootaert et al., 1977). The escape response may be more successful 
against a comparatively slow predator like L. vulvapapillatum. D. stagnalis.A. thomei 
and probably against all dorylaim and nygolaim predators which require several stylet 
thrusts to achieve penetration. However, aphelenchid predators (c/ Seinura spp.) may 
overcome these responses of their prey with the help of their toxic secretions which 
paralyse the prey quickly (Linford & Oliviera, 1937; Hechler, 1963). The high degree of 
suceptibility of Cephalobus sp., Acrobeloides sp., P. redivivus along with the second 
stage juveniles of M. incognita and A. tritici to predation by M. longicaudatus and M. 
fortidens happened to be due to their small body size, slow rate of movement and lack of 
protective cuticle adaptations (Bilgrami and Jairajpuri. 1989b). Such characteristics are 
common among endoparasitic nematodes (Esser, 1963; 1987). 
The ectoparasitic nematodes living in close proximities to the predaceous 
nematodes may have developed more anti-predation devices. These characteristics such 
as thick body cuticle, annulations, toxic unfavourable/repellent chemical secretions, 
escape response, active body undulations etc., may be more effective against 
diplogasterid, dorylaim and nygolaim predators since these predators possess cutting or 
piercing type of feeding apparatus and feed by sucking the contents of prey. Mononchs 
may, however, overcome resistance of prey of different kinds to a larger extent as these 
predators often do not cut the cuticle of prey but engulf them whole. The ec-
toparasitic nematodes are, therefore, more vulnerable to predation by mononchs. This 
- 1 0 5 -
61i 
is evident as many species of mononchs have been found containing species of 
Hoplolaimus. Helicotyienchus, Xiphinema, Hemicriconemoides, Rhabdiiis, etc., besides 
other tylenchs, dorylaims, rhabditids and monochs entire in their intestine (Bilgrami el 
at., 1986). Mohandas & Prabhoo (1980) also found intact Tyienchorhynchus nudus and 
Xiphinema elongaium in the intestine of lotonchus kherai and /. monohystera. 
A predator may be considered as an efficient agent of bio- control if it possesses 
high strike rate (ability to attack and wound prey) against a particular type of prey 
depending upon the degree of resistance/susceptibility of prey against predation. The 
most effective and suitable combination of predator and prey could be the most efficient 
predatOT (in terms of highest strike rate) and most susceptible prey (i.e., most vulnerable 
to wounding). Bilgrami & Jairajpuri (1989 b) have proposed certain formulae to deter-
mine the strike rate of predators and resistance/susceptibility of different prey nematodes 
against predation. The strike rate of the predator is defined as the percentage of success 
with which it attacks prey (attack represents the rapid movement of head and the 
application of suction created by oesophagus of the predators). The strike rate of the 
predator may reflect its predatory potential and could be determined as follows: 
FA SR(%) = ^ xlOO E 
The resistance of a prey may be calculated as percentage degree of resistance by the 
following formula: 
PR(%) = ~ ^ X 100 
whereas, the susceptibility of prey nematode may be determined by the following for-
mula: 
PS(7o) = 100-PR 
Where SA=strike rate of the predators; PR=prey resistance; PS = prey susceptibility; 
EA=totaI number of encounters resulting into attack; E=total number of encounters 
made by the predators; AW=total number of encounters resulting into prey wounding. 
Factors Influencing Predation 
Different biotic and abiotic factors influence predation as observed in vitro and the 
same is likely to be true in natural habitats. The following factors may either increase 
or decrease the rate of predation. 
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Prey activity. Predalion depends on the type of prey. Bilgrami et al. (1983) found 
predation by M.aquaticus inversely proportional to the activity of the prey. The most 
active prey, Prismatolaimus sp., was killed least, while the least active Cephalobus sp., 
was devoured most . Maertens (1976) using P. punctatus observed that tenF. redivivus 
were killed per day while Nelmes (1974) using the same predator but Aphelenchus 
avenae as prey recorded ten killing per hour. This could be due to the differences in prey 
activity as P. redivivus is far more active than A. avenae. In general, the free-living 
nematodes possess higher endogenous activity (Croll, 1972) than the parasitic species. 
Besides activity, other factors such as body cuticle, annulations, unfavourable body 
secretions of prey, inability of predators to attack or puncture prey cuticle etc., also 
govern directly or indirectly the rate of predation as already mentioned earlier under 
prey susceptibility and resistance. 
Sex and age of predators: The male and female D. stagnalis, M. fortidens and M. lon-
gicaudatus did not differ in their rate of predation (Shafqat et al., 1987; Bilgrami & 
Jairajpuri, in press). However, males of D. colobocercus'pxtyzA more than their females 
(Yeates, 1969). The age of predators usually governs predation. Adult and fourth stage 
juveniles being stronger, kill a larger number of prey than their young stages (Bilgrami 
& Jairajpuri, 1985; 1989b). The first and second stages of some may neither be 
predaceous nor cannibalistic in nature, but feed as free-living nematodes e.g., M. 
aquaticus (Bilgrami et al., 1985) or be carrion feeders e.g., P. punctatus (Nelmes, 1974). 
Prey number: The prey density affects the rate of predation by increasing chances of 
encounters. Yeates (1969) found that rate of predation by D. colobocercus was propor-
tional to prey density. Similar observations were recorded by Bilgrami et al. (1985) and 
Bilgrami & Jairajpuri (1989b) with 4^. thomei and, M. lon^caudatus and M. fortidens. 
However, the abundance of prey did not influence predation by M. aquaticus (Bilgrami 
etal. 1984). In case of D. stagnalis predation increased sipificantlyup to a population 
level of 125 prey nematodes per five predators, but prey numbers higher than this did 
not affect predation or the rate of killing prey per day. The increase in predation was 
perhaps the outcome of improved chances of encounter between the predators and 
prey which, however, did not alter predalion beyond an optimum level of prey population. 
Temperature: In nematodes, temperature produces certain interesting changes, more 
specially with respect to their activity apd movement. There are usually two types of 
effects that can be produced by temperature: one is on the sensory behavioural responses 
mediated through the sensory receptors and the other is thermodynamic effect resulting 
from changes in the rate of metabolic processes of the nematodes. 
Wallace (1963) concluded that majority of nematodes become inactive at 5-15° and 
30-4CPC and the optimum temperature lies betwen 20-30°C. These may of course vary 
for different nematode species under different environmental conditions. Azmi & Jairaj-
puri (1977) also found temperatures between 25-30°C being optimum for the nematodes 
-107 -
61o 
they had tested. Bilgrami et al., (1983) concluded that the temperature influnced the 
activity of predators and prey and caused decline in the rate of predation by M. aquaticus. 
Grootaert & Maertens (1976) also found temperatures affecting activity of M. aquaticus. 
D.stagnalis preyed maximum at temperatures ranging between 25-30°C (Shafqat etal., 
1987). In case of A/, longicaudatus and M.fortidens, a significant correlation was found 
between the prey killed and temperature (Bilgrami & Jairajpuri, in press). The optimum 
temperature for these diplogasterid predators was found to be between 25-30°C. Since 
predation is a physical phenomenon, the affected sensory behavioural response may 
be one of the factor responsible for this differential rate of predation at different 
temperatures. 
Starvation of predatory. Starvation is a physiological phenomenon occurring under 
conditions of non-availability of food. The change in the appetative condition may also 
bring about changes in the response of predators with respect to their activity, movement, 
attraction, feeding, mating etc. The short-term deprivation of food enhances predation 
by P. punctatus, but declines when the predators are starved for a long duration 
(Nelmes, 1974). According to the latter author the predators loose their appetative 
behaviour if starved for more than three weeks. This could have happened due to loss 
of energy as starving nematodes utilize their reserve food materials (Cooper & van 
Gundy, 1970; Reversat, 1981a 1981b), thereby affecting their movements and other 
behavioural responses or due to their becoming habitual of prey non-availability which 
may occur due to acclimatizing effects of starvation on predators. Jairajpuri & Azmi 
(1978) found the rate of predation by hungry M. dentaius distinctly higher than the fresh 
predators. Similarly, Bilgrami & Jairajpuri (in press) also found significant correlation 
between the number of prey killed by M.fortidens and M. longicaudatus, and the number 
of days they were starved. In contrast D. colobocercus^. aquaticus and D. stagnalis were 
not influenced by starvation and the rate of predation by fresh and starved predators 
remained same (Yeates, 1969; Bilgrami etal., 1984; Shafqat etal., 1987). 
Agar concentration: The movement and locomotion are necessary for feeding and 
mating activates. In experimental studies agar concentrations govern the activity of 
nematodes (Wallace, 1969; Azmi & Jairajpuri, 1977). Bilgrami e/a/., (1983) attributed 
lower rate of predation by M. aquaticus to increasing agar concentrations which inhibit 
activities of both the predators and prey. The activity was maximum at lower agar 
concentrations and consequently the rate of predation was higher. The increased prey 
and predator activities may also increase chances of contact between predators and prey. 
Shafqat etal. (1987) while evaluating the predation abilities of D. stagnalis also reached 
similar conclusions and found lower concentrations most favourable for predation. A 
high significant correlation was found by Bilgrami & Jairajpuri (1989c) for M. lon-
gicaudatus and M.fortidens. 
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Cannibalism 
Little is known about the cannibalistic behaviour of predators and only a few of them 
have been reported as cannibals. Azmi & Jairajpuri (1979) found M. dentatus to be 
cannibalistic in the absence of prey nematodes. Mulvey & Jenson (1968) also repcrcd 
that some species of mononchs resort to cannibalism. In M. aquaiicus besides adults, the 
fourth and third stage juveniles also show cannibalistic behaviour when placed with their 
ovm juvenile stages in absence of prey nematodes (Bilgrami & Jairajpuri, 1985a). 
Nelmes (1974), however, did not observe this phenomenon in P. punciatus. The can-
nibalistic tendency is known only in mononchs and not in other predators except .Vf. 
longicaudaius and M.fortidens (Bilgrami & Jairajpuri, in press). M.forxidens occasional-
ly resorts to cannibalism in the absence of prey instead of feeding on bacteria. The 
ability of predators (dorylaims, nygolaims, diplogasterids) to recognize their own chemi-
cal secretion (Esser, 1963;Grootaert& Small, 1982; Bilgramieja/., 1985a) and to attract 
their own members (Bilgrami & Jairajpuri, 1988) possibly induces cannibalism.lt may be 
possible that dorylaim and nygolaim predators also resort to cannibalism a fact that is 
unknown so far. 
Cannibalism appears to be more of natural phenomenon rather than occurring 
only due to prey non-availability as in most instances the mononchs (prey) occurred 
together with other types of prey in the intestine of mononchs (predators) (Bilgrami et 
al., 1986). All species except P. muscorum, Coomansus indicus, lotonchus basidontus, I. 
jairi, I.baqrii, I. shafii, I. antedontus, I. longicaudaius, /. prabhooi and Mylonchulus spp. 
show cannibalistic tendency. Twenty percent predators having prey in their intestine were 
cannibals. The cannibalistic tendency may vary from predator to predator as species of 
Mononchus and Sporonchulus killed their own species more than the other mononchs 
(predators). 
Biology and Culture of the Predators 
A huge population of predators is required to ex^ecutc biological control programmes 
successfully against a plant parasitic nematode species in the field. The better under-
standing and advanced knowledge to elevate the population of predators both under in 
vitro and in vivo conditions is therefore required. This could perhaps be the main hurdle, 
so far, which has restricted the use of predatory nematodes in combating plant 
parasitic nematodes. Some species of predators, such as mononchs, have a very res-
tiricied distribution but others like the dorylaims and the nygolaims are of cos-
mopolitan in nature. Still, very little is known about their biology, reproductive potential 
and culture techniques. The various culture techinques are a fascinating area of study 
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and have been reviewed by several workers. Following Esser (1963) who cultured 
predatory dor>laims and mononchs, Yeates (1969) cultivated diplogasicrid predator D. 
colobocercus on agar plates using a baierium, Bacilluscereus\3imycoides. Nclmes (1974) 
reared P. punctatus on A avenae and P.redivivus in soil extract agar medium at pH 6.8 
iimilar to Springets (1964) who reared enchytreads. Maertens (1976), Grooiaen & 
Maertens (1976) and Small (1977) also used the same techniques to elevate populations 
of M. aquaticus and P. punctatus using P. redivivus as prey. Shafqat et al. (1987) and 
Bilgrami & Jairajpuri (1988) cultivated the predators,/), jragna/w and A/, longicaudatus 
and M.fortidens respectively using Rhabditis sp., in agar plates supplemented with infant 
milk powder (Lactogen) under in vitro conditions. Addition of milk powder boosted 
bacterial growth in maintaining their populations for long durations. M.fortidens and M. 
longicaudatus are not obligate predators, as they also feed on bacteria besides 
prey nematodes. These nematodes can also be cultured easily using bacteria and their 
populations may be elevated to deSried level by supplementing organic compounds 
which support bacterial growth. Studies on the biology of predatory nematodes need 
more attention as only few observations have been made on their life cycle and reproduc-
tive potential (Maertens, 1976; Grootaen & Maertens, 1976; Grootacn & Small 1982). 
Conclusions 
In view of the success achieved by entomologists in controlling some insect pests by 
introducing their natural insect enemies, it is logical that the nematologists should also 
consider the possibilities of controlling the plant parasitic nematodes with the help of 
predatory nematodes. Though, the use of chemicals and nematicides in controlling 
populations of plant parasitic nematodes have yeilded some positive results but their use 
is now being discouraged because of their exorbitantly high costs, their toxicity to other 
beneficial soil fauna, their residual effects on human beings and live-stock and because 
of the fear that the continuous use of these chemicals may result in the nematodes 
becoming resistant to chemicals. The studies which have been carried out on different 
aspects of predators, like the identification of predaceous species, ecology of predators, 
range of prey, reproduction and their relationships with prey nematodes has led many 
nematologists to test them in agricultural fields for controlling species of plant parasitic 
nematodes. However, information on the predation abilities of predatory nematodes is 
sparse and their assessment as potential biological control agents is largely speculative. 
Linford & Oliviera (1937) observed increase in the population of predators when 
chipped leaves are added to the field. Lai etal. (1983) also recorded a two-fold increase 
in the population of predatory nematodes, Dorylaimus, Discolaimus and Mononchus 
when green manure is used in soil . They have concluded that the decrease in the 
population of plant parasitic nematodes occurred because of increased population 
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levels of predators. Christie (1960) was of the view that further studies on biological 
control by nematodes would be ofinterest and it could possibly be of some practical 
use. According to Jones (1974) non-specific predators excert only a partial control, if 
any, and are therefore unlikely to be of much value as good agents of biological conuol. 
Similarly, the results obtained by Small (1979) were not conclusive of a bio- control 
potential for predatory nematodes but he suggested further studies on the biology of 
predators and on those predator-prey combinations which could result in partial control. 
Small & Grootaert (1983) also suggested further studies on predatory nematodes as 
biological control agents. They emphasised that these studies should concentrate on the 
migratory stages of endoparasitc nematodes as these are more susceptible to predation. 
Ahmad & Jairajpuri (1982) found an inverse relationship between the populations of 
predator, Pamhadronchus shakili and the prey species belonging to Trichodorus, 
Hemicriconemoides sp. and Thomenema sp. under natural conditons. This could have 
been due to large populations of P. shakili in that area. The mononchs, however seem to 
make little impact on plant parasitic nematode populations although, they are efficient 
predators capable of preying on a wide varietyof nematodes. The main drawback in 
using mononchs for biological control purposes lies in their isolated and restricted 
populations, non-availability of naturally occurring large populations in agricultural 
fields, longer life cycles, low reproductive potential, susceptibility to changing environ-
mental conditons and a change in soil texture, soil type, etc. The mononchs are very 
sensitive to chemicals and pH (Bilgrami & Jairajpuri, 1985b). Esser (1963), however, 
found dorylaim predators most efficient and highly potent as biological control agents. 
In vitro studies which have been carried out so far on different diplogasterid predators 
also indicate their ability as promising bio-control agents. These predators require 
attention of nematologists for exploring possibilities of using them as agents of biological 
control. The most advantageous and encouraging aspect of the dorylaim, nygolaim. and 
diplogasterid predators is the easy maintenance of their populations which can be 
achieved by adding organic substances in the fields (Webster, 1972) and also their 
polyphagous nature due to which they may be maintained without prey nematodes. 
Above all, being polyphagous they do not generally resort to cannibalism which helps in 
avoiding setback in intraspecific interactions which is a natural phenomenon amongst 
mononchs. The mononchs require prey nematodes exclusively for their surviv^ al. More 
studies on the biology, ecology, behaviour, reproductive potential and longiviiy of 
predators are required in relation to prey and on their predatory behaviour, factors 
influencing predation, range of prey and predator-prey relationships before making 
practical use of these predators. 
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PREDATORY MONONCHIDA 
WASnvl AH.\UD 
Depanment of Zoology. 
Aligarii Muslim University, Aligarti-202 002, India. 
INTRODUCTION 
The mononchs constitute a group of large-sized predatory nematodes, usually larger 
than the plant parasites. They are widely distributed but generally tend to be more 
common in sandy soils perhaps because of their large body size and predatory habits. 
The soil particles with large pore spaces perhaps facilitaic their active movement. The 
number of these nematodes in the soil is, however, always far lesser than other nematode 
groups, hardly reaching 5-10% of the total nematode population from a habitat. But even 
this low population is quite beneficial and effective from the agricultural point of view 
because of their active predation ability. 
FOOD AND FEEDING MECHANISM 
The mononchs feed on a wide variety of soil microfauna including free-living and plant 
parasitic nematodes, however, they show preference for soft-bodied organisms. They 
may feed on membersoftheir own species (cannibalism) or on other mononch species 
(Jensen & Mulvey, 1968; Azmi & Jairajpuri, 1979; Bilgrami & Jairajpuri, 1985). Their 
NE.MATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds.—.M.S. Jairajpun, .M..M. Alam & I, 
Ahmad). CBS Publishen i. Distributors. Delhi, India. 1990. 
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diet also consits of oligochaetcs and rotifers as inferred from the remains of these 
organisms inside their gut. 
The active feeding bymononchs is brought about by a strongly scierotized feeding 
apparatus (stoma or buccal cavity) supported by a highly muscular oesophagus. They 
can easily hold their prey and either engulf it entire or pucture the body cuticle and feed 
upon it The feeding apparatus is made up of several plates (three vertical and three 
oblique plates), tooth/teeth etc., which are provided with strong cephalic muscles for 
their movement. The various lips, labial papillae, the wide buccal cavity and the suction 
produced by the muscular oesophagus help in holding and ingesting the prey. 
The feeding mechanism has been studied in a few species, viz. Prionchulus 
punctalus (Nelmes, 1974); Mononchus aquaticus (Grootaert & Maertens, 1976; 
Grootaert & Wyss, 1979; Bilgrami et ai, 1984) Mylonchulus dentatus (Jairajpuri & 
Azmi, 1978). All of them suggested almost the same basic pattern of feeding in these 
nematodes. Grootaert & Wyss (1979) provided a detailed account of the feeding and 
divided it into three phases, viz., probing, attack and ingestion. 
The food is located purely by chance encounters and lip contact with prey and this 
initiates feeding. Probing which follows immediately after encounter with the prey 
consists of rapid side to side movement of lips over the prey cuticle. This may be for 
identifying the food source as well as assuming a proper posture for attack. M. aquaticus 
can apparently distinguish between prey and its own species (Grootaert & Wyss, 
1979). Mylonchulus dentatus often encircles the prey by making coils around its body 
(Jairajpuri & Azmi, 1978). Probing is limited to a very short period and can occur at any 
region of the body of prey. Once the required posture is attained, the mononchs attack 
their prey by simultaneous contraction of oesophageal and labial muscles. The contrac-
tion of labial muscles pulls the lips outwards and backwards thereby opening the mouth 
and the vestibule. The buccal cavity is brought into close contact with the prey cuticle. 
The contraction of the stomatal muscles helps in widening the buccal cavity and in the 
movement of tooth/teeth etc. Tfie functioning of the tooth/teeth is further supplemented 
by a strong suction force generated by the contraction of oesophageal muscles. The 
suction also helps in maintaining a strong grip on the prey while feeding. The 
immobilized prey is cut or punctured with the help of tooth and denticles and sucked as 
in Mylonchulus dentatus (Jairajpuri & Azmi, 1978). Small prey are engulfed entire while 
the large ones are cut into pieces, e.g., Prionchulus punciaius and Mononchus aquaticus 
(Nelmes, 1974; Grootaert & Maertens, 1976). lotonchus sp., Parahadronchus sp., 
Miconchussp.tiz. can even engulf prey nematodes as large as Xip/i/nema (Bilgrami 
eM/..1986). 
The tuberculate mononchs (superfamily Anatonchoida) have a much wider and 
larger buccal cavity as compared to the non-tuberculate (superfamily mononchoidea) 
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and hence are more active predators than the latter. The presence of almost entire prey 
in the intestine of tuberculate mononchs (lotonchus, Miconchus, Parahadronchus etc.) 
indicate that they engulf the prey entire or by cutting it into pieces while the non-
tuberculate mononchs specially Mylonchulus do not engulf the prey intact. Studies on 
the gut contents of preserved material (Thome,1924, 1927; Banage, 1963; Szczygiel, 
1971) indicate that they feed on almost all group of nematodes (Table 1) and generally 
do not show preference for a particular group. Bilgrami etal. (1986) identified a large 
number of nematode genera from the intestine of mononchs and some of the specimens 
were in such a good condition that they could be identified even up to species level. 
BIO-CONTROL POTENTIAL 
The interest in using mononchs as possible agents for controlling plant parasitic 
nematode population was initiated in early 20th century by Cobb (1917,1920). He 
regarded Clarkus papillatus as a promising species to work on these lines. Steiner & 
Heinly (1922) observed that C. papillatus could feed on a large number of Heierodera 
radidco/a juveniles. Thome (1927), however, doubled their utility as bio-control agents 
because of their unstable population and usually long life cycles. Not much work was 
done on these aspects until 1970's when several workers recorded observations on the 
predatroy ability of mononchs but most of these experiments were limited to 
laboratory conditions. Cohn & Mordechai(1974) in pot-trials found a constant correla-
tion between high population levels of Mylonchuls sigmaturus and low population levels 
of Tylenchulus semipenetrans although predation was considered insufficient to reduce 
the damage to sour orange seedlings. Small (1977) in a pot experiment, found a 
significant reduction in the population of Heterodera rostochiensis in the presence of 
Prionchulus punctatus, but he (1979) did not find any significant reduction in the 
population of Helicotylenchus dihystera. In a second pot experiment he found only 
partial control oiMeloidogyne incognita which resulted in considerable reduction in root 
galling. In both the above experiments the number of predators decreased markedly 
between the time of inocubtion to harvest, indicating that a large number of predators 
added to the field soil might have lived for a short duration and therefore unlikely to be 
of any use in control unless added repeatedly to the soil or their inoculation precisely 
coincided with the nematode attack. 
Ahmad & Jairajpuri (1982) from a field data found a significant correlation 
between iX}pulations of Parahadronchus shakili, Trichodoms sp. and Hemicricone-
moides sp. Azmi (1983) has clearly indicated that with the increase in population of 
lotonchus monhystera a gradual reduction took place in the population of 
Helicotylenchus dihystera but after some time an equilibrium is maintained between the 
prey and predator populations. 
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CONCLUSION 
Mononchs have long been considered as a possible bio-control agents because of their 
active and voracious feeding behaviour. The results of Cohn & Mordechai (1974); 
Ahmad & Jairajpuri (1982) and Azmi (1983) indicate that these tiny friends are already 
providing natural control of plant parasitic nematodes in the soil though it may not be 
enough from the point of view of plant protection. If their populations can be manipu-
lated in the field we maybe able to use them as successful tools in bio-control. 
The main difficulty with mononchs is their extreme sensitiveness to fluctuations in 
temperature, moisture, soil pH and soil texture. They can hardly survive drought or 
flooded conditions. Perhaps due to their poor adaptability to fluctuations in the environ-
ment, low rate of reproduction and longer life cjclcs they occur in low population 
densities and in number of species than the other soil-inhabiting nematodes. 
On a limited scale they have been cultured in the laboratory on agar plates using 
Panagrellus^edivivus (Nelmes, 1974; Grootaert & Maertens, 1976; Grooiaert & Wyss, 
1979) or Aphelenchus avenae (Nelmes, 1974) as prey but mass cultures in pots or 
microplots is still far away from reality. When added to soil their populations generally 
decline (Small, 1979) because of their high succeptability to changes in the environment. 
The possibility of using mononchs in the biological control progammescan not be 
ruled out merely on the basis of the above mentioned rather limited studies. This is an 
unexplored area and it may be presumed that extensive research on their life cycle^  
predator-prey interactions in relation to biotic and abiotic factors, feeding behaviour, 
population dynamics etc. may result in more information which could prove very vital in 
the use of mononchs as promising agents for bio-control of plant parasitic nematodes. 
TABLE 1 
PREDATOR-PREV LIST 
Predator Prey Ref. 
Mononchus aquaiicus 42,50,49,45,43 
42,48,41,46,19,20 
42,39,43 
40,44,1 
39,40,43 
4,2,23,26,27, 
32,39,36,37 
Grootaert & Maenens, 
1976 
Small & Grootaert, 1983 
Grootaert & Wyss, 1979 
Bilgramietal.. 1983 
Bilgramietal.. 1984 
Bilgramietal., 1986 
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Mononchus tunbridgensis 
Miconchus aquaticus 
M. citri 
M. dalhousiensis 
Clarkus papillatus 
C. sheri ^ 
Prionchulus puntatus 
Prionchulus muscorum 
Parahadronchus shakili 
Sporonchulus vagabundus 
Coomansus indicus 
lotonchus antedontus 
I. basidontus 
I. indicus 
l.jairi 
I. longicaudatus 
I. monhystera 
I. parabasidontus 
Lprabhooi 
l.risoceiae 
I. shqfee 
I. trichuris 
Mylonchulus dentatus 
M. sigmaturus 
2.4,8.23,30,35,39 
6,12,23,28,31,35,36 
14,9,24,37 
3.23.33,39 
16,18 
14.3,24.26.35.36 
9.2.24.39 
2.21 
7.13.17 
8,19.20,42,45,46. 
47 
5.9,152.24.25.28,35,39 
14.4.9,6,11.23.25 
30.31.35.36.37 
14,12,3,24,25,32,3739 
14.9.15,3135.37 
9.37.39,40 
9.35.36 
9,6,23,25.3739 
4.29.37 
4.11.25.37.39 
7 
14.4,11,2335.39,40 
11.29.3637 
24.36.40 
14.24.36 
4,2535.36 
14.4.9.2531 
3539.40 
2.6.5.103Si41,18 
22 
Bilgrami et al., 1986 
Bilgrami et al.. 1986 
Bilgrami etal.. 1986 
Bilgrami et al.. 1986 
Sieiner & Hcinly. 1922 
Bilgrami el al., 1986 
Bi&mietal.. 1986 
Nelmes.1974 
Small. 1979 
Small & Grooteart, 
1983 
Bilgrami etal.. 1986 
Bilgrami et al., 1986 
Bilgrami et al., 1986 
Bilgrami etal., 1986 
Bilgrami etal.. 1986 
Bilgrami etal.. 1986 
Bilgrami etal.. 1986 
Bilgrami et al.. 1986 
Bilgrami etal.. 1986 
Azmi. 1983 
Bilgrami et al., 1986 
Bilgrami et al.. 1986 
Bilgrami et al.. 1986 
Bilgrami et al.. 1986 
Bilgrami etal.. 1986 
Bilgrami etal.. 1986 
Jairajpuri & Azmi. 1978 
Cohn & Mordechai. 1974 
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Key to Table I (prey numbers) 
1. Aglenchus parvus 
2. Aphelenchus avenae 
'i.Aphelenchoides sp. 
4. Hoplolaimus sp. 
5. Hoplolaimus indicus 
6. Helicotylenchus sp. 
7. Helicotylenchus dihysiera 
8. Rotylenchusfallorobustus']\. 
9. Tylenchorhynchus sp. 
10. Tylenchorhynchus mashhoodi 
11. Hirschmanniella sp. 
12. Hemicycliophora sp. 
l3.Hemicyclbphora typica. 
14. Pratylenchus sp, 
15. Hemicriconemoides sp 
16. Heteroderdradicicola 
17. Meloidogyne incognita 
IZ.Meloidogyne sp. 
19. Meloidogyne nassi 
20. Globodera rostochiensis 
2\.Anguinajv. 
22. Tylenchulus semipenetrans. 
23.Tylencholaimus sp 
2A.Aporcelaimellus sp. 
25.Thornenema sp. 
26. Discolaimus sp. 
27.Belondirasp. 
2S.Axonchium sp. 
29. Dorylaimellus sp. 
30. Nygolaimus sp. 
31. Xiphinema sp. 
32. Trichodorus sp. 
33. Diphtherophora sp. 
34. Campydora sp. 
J5. Rhabdiiis sp. 
36. Acrobeles sp. 
37. Acrobeloides sp. 
38. Acrobeloides yj. 
39. Chiloplacus symmetricus 
40. Mesorhabditis sp. 
41.P/ecrujsp. 
42. Panagrellus redivivus 
43. Cephalobus sp. 
44. Prismatolaimus sp. 
45.Pe/odcrasp. 
46. Monhystera sp. 
47. Bullariu^degrissei 
48. R habditis oxycerca j'J-
49.Turbatrix aceti 
50. Coenorhabditisbriggsae 
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DIPLOGASTERID PREDATORS 
ANWAR L BELGRAMI 
Department of Zoology, 
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Introduction 
The diplogasterid predators which feed by cutting and sucking their prey remained 
largely neglected until Yeates (1969) evaluated the predatory abilities of Diplenteron 
colobocercus {=Mononchoides potohikus). Subsequent studies on these predators have 
brought to light more information on their biology, behaviour, predator-prey relation-
ships, ecology, predation abilities, etc. Grootaert (1976) cultured Mesodiplogaster 
Iheritieri and studied its population growth, reproduction , egg production, embryonic 
and post-embryonic developments and effect of temperatures on its development. 
Grootaert et al. (1977) studied prey selection by Butlerius sp., and elucidated some 
aspects of its feeding habit and possible application of the same in the biological control 
of plant parasitic nematodes. While observing the predation abilities of Butleriusdegrissei 
Small & Grootaert (1983) foundPanagrellusredivivus and the first and second stages of 
Rhabditis oxycerca as most susceptible prey species. Very recently, a comprehensive 
study on the predatory abilities of two species of diplogasterid predators belonging to 
the genus Mononchoides viz.,Af. longicaudatus and M.fonidens was made and the role 
of these predators as agents of biological control was assessed. These studies include 
pre- and post-feeding attraction and aggregation around the prey at feeding sites 
NEMATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds.— .M.S. Jairajpuri, .M..M. Alam & I. 
Ahmad). CBS Publishers & Distributors, Delhi, India. 1990. 
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(Bilgrami & Jairajpuri. 1989a); attraction of predators towards excised and non-excised 
Give) prey and factors influencing attraction (Bilgrami & Jairajpuri, 1988); strike rate of 
the predators and resistance and susceptibility of prey nematodes to predation 
(Bilgrami & Jairajpuri, 1989b); prey catching and feeding mechanisms, prey 
preference etc., (Bilgrami & Jairajpuri, in press) and factors influencing predation 
and attraction (Bilgrami & Jairajpuri, 1989a; 1989c). 
In the following the potential of diplogasterids as predators of nematodes is 
assessed and their possible role in the biological control of plant parasitic nematodes is 
evaluated. 
Feeding Apparatus 
The nematodes of the Order Diplogasterida possess a comparatively small buccal cavity 
armed with teeth of variable sizes which are located at different positions. There is a 
strong well developed movable dorsal tooth (Jairajpuri ei d., 1973). The large tooth is 
the main killing weapon and is responsible for injecting the oesophageal secretions into 
the body of the prey for the purpose of extra-corporeal digestion. The entire feeding 
apparatus is of cutting and sucking type. 
Aggregation and Attraction 
The ability of diplogastcrid predators to perceive prey aitractanis (Bilgrami & Jairjapuri, 
1988), to aggregate around an injured prey at feeding sites (Yeates, 1969; Bilgrami & 
Jairajpuri, 1989a) and to feed in groups on a single prey at feeding sites (Yeates, 1969; 
Bilgrami & Jairajpuri, in press) seems to put forth some interesting aspects which could 
lead to establish a strong predator-prey relationship. It may not be out of place to 
discuss these mechanisms here, since these have been observed in diplogastcrid 
predators only and could lead to a better understanding of the mechanisms involved and 
their possible impact on the responses of predators in relation to their utility in the 
biological control programmes. Mononchoides longicaudatus and M.fortidens respond 
positively towards live and excised bacteriophagous nematodes (Acrobeloides sp., 
Cephalobus sp., Rhabdiiis sp., Panagrellus redivivus); ecioparasitic nematodes 
(Trichodorus sp., Xiphinema americanum, Longidorus sp., Tylenchorhynchus mash-
hoodi, Paralongidonis sp., Hirschmanniella oryzae, Hemicriconemoides mangiferae, 
Hoplolaimus indicus, Helicotylenchus indicus); endoparasitic nematodes (second stage 
juveniles o( Sieloidogyne incognita and Anguina iriiici) (Bilgrami & Jairajpuri, 1988) as 
well as bacteria (Yeates, 1969; Bilgrami & Jairajpuri, 1988). The attraction and aggrega-
tion has also been observed in dorylaim predators viz., Labronema vulvapapillatum, 
Aquatides thornei, and Dorylaimus sta^ialis (Wyss & Grootaerl, 1977; Bilgrami et al., 
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1985; Shafqat et al., 1987). Though, this suggests some kind of chcmoattraction in 
dorylaitns but it appears mild and insignificant as only a few predators (24) aggregate 
around a prey requiring more lime to reach the feeding sites. However, in case of 
diplogasterids it appears more evident and positive as more predators aggregate around 
the prey (up to ten) taking lesser time to reach the feeding site (the aggregation starts 
within minutes after the prey is punctured by another predator). 
The degree of attraction, duration of post-feeding aggregation, duration of feeding 
sites and actual feeding time may vary from individual to individual and species to 
species depending upon the type of prey, composition, concentration, quality and 
quantity of prey secrctions/attractants. These may be important determinant factors, 
besides those studied by Bilgrami & Jairajpuri (1988; 1989c). The lower and higher 
temperatures other than the optimum also adversely affect both the attraction and 
predation. These factors could thus be manipulated to modify the activities of predators 
to maximum extent. 
Prey Catching and Feeding Mechanisms 
The diplogasterid predators feed by puncturing the cuticle of prey and sucking its body 
contents. However, M.fortidens can devour whole the first and second stage juveniles of 
small prey ntm&ioAts Vkc Acrobeloides sp., and Cephalobus sp., and cut larger prey 
into pieces to feed upon them. The feeding/ingeslion is helped by the suction force 
created by the oesophagous and the movable dorsal tooth. The duration of feeding varies 
in different individuals and depends upon the size and type of prey, volume of prey 
contents and texture of the prey cuticle. 
The positive attraction of diplogasterids towards prey, instantaneous prey catching 
and attack, faster rate of feeding, high rate of predation, bacteriophagous nature, besides 
being predaceous, more tolerent to adverse conditions as evident from the formation 
of daurve larvae, short life cycles, easy culture conditions, wide range of prey and 
probably higher longivity, are some of the characteristics which suggest these predators 
as efficient agents of biological control ofplant-parasitic nematodes. In diplogasterids 
chcmoattraction as well as chance encounters bring about predator-prey contacts. The 
predator-prey encounter is an important factor which initiates predation and most 
likely governs the rate of predation. The improvement and increase in the number of 
such encounters should also increase the rate of predation. The ability of diplogasterid 
predators to perceive prey attractants could lead predators to move directly towards prey 
and enhance chances of more frequent predator-prey contacts resulting in higher rate 
of killing. This could be one of the reasons that these predators possess a high rate of 
predation. 
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All diplogasterid predators viz., Mononchoides longicaudatus, M. fonidens. But-
leriussp.,Butleriusdegrissei and Diplenteron colobocercus get hold of ihcir prey with the 
help of high suction force created by their oesophagus. The prey catching and attack is 
instantaneous and only one or two attacks are enough to pucturc the cuticle of prey. 
These predators attack and puncture the cuticle of their prey with the help of their 
movable dorsal tooth (Ycates, 1969; Grootaert et al., 1977; Small &. Grootaert, 1983; 
Bilgrami & Jairajpuri, in press). The oesophageal suction enables predators to take a 
firm grip on their prey and prevent its escape. 
Probing in diplogasterid predators lasts only for a very short duration. The 
diplogasterid predators also feed upon bacteria in the absence of prey nemauxles 
(Bilgrami & Jairajpuri, in press). The bactcriophagous nature seems to be an important 
phenomenon and this may avoid intra-specific interactions among the predators them-
selves (cannibalism). 
Prey Range and Preference 
The predator-prey relationship and range of prey arc important aspects to evaluate 
predaceous activities of predators and in assessing their utility in the biological control 
programmes. The diplogasterid predators which have a wide range of prey nematodes 
(Table-I) also show different degrees of preference for different species of prey. 
Observations on Buderius sp., carried out by Grootaert ei al. (1977) and their resulti on 
prey selection conform the general conclusions drawn by Esser (1963) for the predatory 
dorylaims and mononchs. The soil stages of endo-parasitic nematodes are preferred most 
by the predators. Butlerius sp., attacked, wounded and fed upon a number of free-Ii\ ing, 
ecto- and endo-parasitic nematodes. Butlerius degressei killed more Panagreilus 
redivivus than Rhabditisoxycerca (Small & Grootaert, 1983). Bilgrami & Jairajpuri (in 
press) observed M. fonidens and M. longicaudatus preferring Acrobeloides sp., 
Cephalobus sp., P. redivivus, Hirschmanniella oryzae and the second stage juveniles of 
M. incognita, and Ang^ina triiici. Diplenteron colobocercus, however, did not prefer any 
particular type of prey (Yeaies, 1969). 
The prey selection/preference depends on the activity, size and behaviour of prey 
nematodes. Soft-bodied and less active nematodes being preferred most as compared to 
large or more active prey nematodes (Bilgrami etal., 1983). It may also depend on the 
predators as some are stronger while others have low predatory potentials. 
Theoretically, the most suitable (attractive) prey should also be killed to the 
maximum extent. This, however, docs not seem to be the case. //. oryzae. Tyiencr/}r-
hynchus mashhoodi and Hoplolaimus indicus attracted maximum number of M. ion-
» gicaudatus and Af. fonidens. The former two prey were killed in moderate numbers 
whereas individuals of Hoplolaimus indicus or Hemicriconemoides mangiferae AIIS 
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neither killed nor injured by these predators. In contrast, Meloidogyne incognita and 
Anguina tritici juveniles which are preyed upon more by the predators attracted 
moderate number of M. longicaudatus and M.fortidens. It seems that the prey preference 
of these predators and probably that of others is not solely dependent upon the prey 
secretions/attractants. The ability of predators to perceive chemical attractants may, 
however, certainly help in locating prey and in increasing predation on a particular type 
of prey by increasing predator-prey encounters. The differential conditions such as 
confinment of prey during attraction and allowing prey to move freely during predation 
experiments may have caused the differences. Besides, the predation is a physical 
phenomenon, which essentially requires a lip contact of the predators with the prey, 
depends upon the activity, escape response, texture and thickness of the cuticle of 
prey nematodes, number of prey, temperature and the inert behaviour of the predators 
themselves (ability of predators to attack prey). In contrast, attraction being a chemical 
phenomenon may not neccessarily be affected by these factors but will depend on the 
composition, concentration, quality and quantity of the prey secretions, besides how fast 
the attractants are dispersed in the surrounding area. 
Biology and Culture 
To execute any biological control programme successfully against plant parasitic 
nematodes in field conditions a huge population of predators, advance knowledge of 
the populations of predators and better understanding of their biology, behaviour, prey 
range, preference, ecology etc., is required. The inability so far, to raise mass cultures 
of the predators seems to have been the real hurdle in combating populations of plant 
parasitic nematodes. Yeates (1969) cultivated D. colobocercus in agar plates using a 
bacterium. Bacilluscerusvar mycoides. Bilgrami & Jairajpuri (1988) used Rhabditis sp., 
in agar plates supplemented with infant milk powder (Lactogen) for rearing M.fortidens 
and M. longicaudatus in vitro. The milk powder boosted bacterial growth and served as 
the primary source of food for the prey nematodes. Grootaert (1976) cultured 
Mesodiplogaster heriteri and studied its population growth, reproduction, egg produc-
tion, embryonic and post embryonic developments and effects of temperatures on its 
development. The total duration of embryonic and post-embryonic developments in 
M.fortidens has been found to range between 5-7 days (Q. Tahseen, personal communica-
tion). Since diplogasterid predators also feed upon bacteria and thrive equally well in 
absence of nematodes they can easily be cultured using bacteria as the source of food. 
Their populations can also be elevated to desired levels by supplementing organic 
amendments which support bacterial growth under natural conditions. The studies on 
the biology and culture techniques of these predators are few and require more 
studies. 
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Conclusions 
The studies on diplogastcrid predators carried out so far indicate iheir abilit>' as 
promising agents of biological control. The main advantages of using these predators are 
their ability to perceive prey attractants (prcdation may increase), high rate of predation, 
short life cycle and high fecundity (build up of populauon), formation of dauer lanae 
and longivity and bacteriophagous nature. Besides, theyare easy to culture. The popula-
tion of diplogasterid predators can be maintained by adding organic amendments 
(Webster, 1972). The prospects of using diplogasterid predators in the biological control 
programmes seem to be bright. However, further studies on their biology, ecology, 
behaviour, reproductive potentials, fecundity, longivity, range of prey and predator prey 
relationships are required. These studies will further help in determining their role as 
predators of plant parasitic nematodes and the possibilities of using them in fields. 
T.A.BLE I 
PREY NEMATODES OF DIPLOGASTERID PREDATORS 
Predators Prey Reference 
Mononchoides Anguina triuci]v., 
fortidens Meloidogyne incognita j v. 
Hirschmanniella oryzae; 
Tylenchorhynchus mashhoodi; 
Helicotylenchus indicus; Longidorous sp., 
Xiphinema americanum; Trichodrus sp. 
Panagrellusredivivus: Acrobeloides sp., 
Cephalobus sp., Hoplolaimus 
indicus;* Hemicriconemoides mangiferae: 
Biigrami & 
Jairajpuri, (in press) 
Mononchoides 
longicaudatus 
— do — Biigrami & , 
Jairajpuri (in press) 
Mononchoides Mesorhabdiiisliitoralis, 
colobocercus Panagrolaimusausiralis, 
A crobeloides syrtisus, 
Zeldia punna, Ereptonema inflatum, 
Takakia waipukea. Ethnolaimus sp., 
Eurystomina sp., Nygolaimus directus, 
Discolaimium sabuli, Mylonchulus 
Ycates (1969) 
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psammophilus. 
B utlerius Panagrellus redivivus, RkabdUis 
degressei oxycerca, Meloidogyne naasi* 
Globodera rostochiensis, 
Rotylenchus fallorobustus* 
Labronema vulvapapillatwn* 
Biulerius sp. Tylenchorhynchus sp.,* Rotylenchus 
robusius,* Tylenchus macrunis, M. 
naasi, Merlinius sp.,* Aphelenchoides 
fragrariae,Pratylenchussp*.,j\.Hem-
cycliophorasp.* R. oxycerca*. Petodera sp.* 
Cephalobus sp.,* Rhabdontolaimus 
stjgmatus, Mesodiplogaster Iheritieri, Plectus 
sp*. Tripyla sp., Alaimus sp. Mononchus 
aquaticus']\. Mesodorylaimus sp.,* 
Eudorylaimus sp., Trichodorus sparsus* 
Small & Grooiaert 
(1983) 
Grootaert, Jaques 
& Small (1977) 
*Prey attacked by predators but not wounded. Predators feed only when the prey is 
artificially wounded. 
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PREDACEOUS DORYLAIMS 
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Introduction 
Dorylaims are perhaps one of the most ubiquitous group of nematodes occurring in all 
types of climates and habitats. The presence of two, three or more genera of dor>laims 
at one place/ field is quite usual and their abundance has been estimated lo be 200-500 
million/acre (Thornc, 1930). Thome (1930; 1939) had suggested that dorylaims and 
nygolaims may be predaceous. Since then many species belonging to these groups have 
been reported as predators of phytophagous nematodes. It is quite possible that many 
more species of dorylaims and nygolaims may be predatory. Further investigations are 
needed to identify such species and to establish their predaceous nature, besides 
carrying out studies for assessing their role as agents of biological control. The 
dorylaim predators are usually larger than their prey and possess a large, hollow 
protrusible stylet (odontostyle) or a mural tooth. 
Feeding Mechanism 
The dorylaim predators cannot engulf their prey whole or cut them into pieces as their 
feeding apparatus is of piercing and sucking type. They thus, puncture the cuticle of 
prey with the stylet/tooth and suck its body contents. Prcdation depends largely upon 
chance encounters with the prey but there is some evidence of chcmoattraction (Esscr, 
NEMATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds— M.S. Jairajpun, M.M. Alam & I. 
Ahmid). CBS Publishen & Distributors, Delhi, India. 1990. 
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o 1963) and iheir aggregation around an injured prey at feeding sites (Esscr, 1963; Bilgrami 
tf/o/., 1985 Shafqat etai, 1987), though it may not be very significant. The attraction 
occurs only when the prey nematodes are either excised artificially or wounded/killed 
by another predator. This seems to have little impact on the possibilities of increased 
predator-prey encounters. 
Most dorylaim predators usually have a low rate of prcdation (Wyss & Grooiaen, 
1977; Bilgrami era/., 1985) as compared to mononchs (Nelmes, 1974; Jairajpuri & Azmi, 
1978) or diplogasterids (feilgrami & Jairajpuri, in press) as is evident from the experimen-
tal studies. Whether the same occurs in nature also remains yet to be determined. Like 
other predators the dorylaims first probe their prey upon contact prior to attack. This 
may also be referred to as pre-pcnctration exploration or probing (Esser, 1987). The 
dorylaim predators show a strong affinity for their own eggs as they probe and explore 
them with their lips for quite some time without making any attempt to feed upon them. 
They, however, attack and suck the contents of eggs of other nematodes (Esser, 1963; 
Bilgrami et al., 1985; Shafqat et al., 1987). This phenomenon is not reported in other 
groups of predators. 
Prey Nematodes of Dorylaim Predators 
The dorylaims attack and feed on many species of nematodes, oligochaetcs, rotifers and 
other invertebrates in addition to a wide variety of invertebrate eggs (Table-I). However, 
regarding the food of Dorylaimus spp., Thome & Swanger (1936) commented "The 
intestinal contents of hundreds of dorylaims have been observed. Generally they have 
been filled with material from the higher plants, indicating that these are their preferred 
source of food. Frequently, the intestines are filled with highly coloured matter that can 
be identified as probably coming from bright coloured roots among which they are 
collected. Matter apparently originating from algae fill the intestine of aquatic fomis. 
Frequently, specimens are observed in such situations which suggest them to be 
predaceous. The author has repeatedly found larval specimens of Dorylaimus obscums 
in the cysts of the sugar-beet nematode, Heteroderaschachtii and on two occasions they 
have been observed with eggs impaled on spear " Cobb (1929) and others (Thome, 
1939; Steiner, 1924), however, had provided evidences which indicated the predaceous 
nature of some dorylaim species. Cobb (l.c) observed two species of dorylaims feeding 
on the eggs of mites in decaying narcissus bulbs. The eggs of H. schachtii were found 
impaled on the stylet of Aporcelaimellus obtusicaudatus (= Dorylaimus obtusicaudaius) 
(Thome, 1939). Sieincr (1924) observed setae of oligochaetcs in the intestine oiD.regius. 
Thorne (1930; 1939) found species of Aporcelaimus, Nygolaimus and Secionema 
and at least one species of Labronema (L.ferox) feeding mostly on small oiigochaeies. 
Thome also observed that almost all species of Discolaimus could be predaceous and 
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some possibily be ncmaiivorous. Linford & Oliviera (1937) determined ten species of 
Dorylaimus, two ofZ?/jco/a/mu5 and one of/4c«/i(3/a/m«j to be predators of nematodes. 
It seems that manyspeciesof dorylaims and those of related genera arc omnivorous 
and derive their food from various organisms like algae, fungi, rotifers etc. (Table-I). 
Hollis (1957) found the lauer to be true for Thonus ettersbergensis (= Dorylaimus 
ettersbergensi) as it fed on various micro-organisms including the globose vegetative cells 
of blue-grecn algae {Chroococcus sp.), two species of green algae (Chlorellavulgarisand 
Teraedron sp.). the globose cysts of a ciliated infusorium (Drepanomonas sp.), besides 
feeding on nematodes. Phytophagous nematodes viz., Hoplolaimus (ytenchiformis. H. 
indicus, Belonolaimus tongicaudatus, Hemicycliophora similis, Dolichodonis 
heterocephalus, Criconemoides spp., Scutellonema spp. and Helicotylenchus indicus have 
shown resistance to predation by different predators. 
Biological Control Potential 
The widespread and abundant presence of predaceous dorylaims in soils could possibly 
indicate some biological control activity by these predators. However, it is not known to 
what extent and under what conditions the populations of phytophagous nematodes arc 
reduced since, such an evaluation has never been made to provide evidence to this effect. 
The dorylaims, in large numbers, may certainly have an advantage ov^r other 
predators which have localized populations. These predators need only slight modifica-
tions in the field conditions to maintain and establish themselves in high populations. 
Being omnivorous, i.e., feeding on algae, fungi, nematodes and small invertebrates, it may 
be conceived that they could be raised on algal or fungal cultures for utilization in field 
conditions for biological control. The detection of Eudorylaimus obtusicaudaius 
feeding on the eggs inside the H. schachtii cysts or the increase in the population of 
predators (Jhornia sp.) in presence of citrus nematode and decrease in absence of them 
in pot trails (Boosalis & Mankau, 1965) indicates a potential rather than a casual role of 
these nematodes in the bio-control of plant-parasitic nematodes. 
The biological control of plant parasitic nematodes is an attractive and unexplored 
field of study awaiting further research on different aspects of the biology of predators 
specially under the natural conditions. These investigations will provide much needed 
informations which could lead to the practical utility of dorylaims as predators of plant 
parasitic nematodes. 
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TABLE I 
PREDACEOUS DORYLAIMS AND THEIR PREY 
Predators Prey Reference 
Aporcelaimus sp. 
Actinolaimus sp. 
Aquatides ihornei 
Aporcelaimus sp.* 
Aporcelaimellus sp.* 
Carcharolaimus sp. 
Carcharolaimus sp. 
Dorylaimus oblusi-
caudatus 
(= Aporcelaimellus 
obtusicaudatus) 
Cobb (1929) 
D. carteri 
D. obscurus 
D. stagnalis 
Dorylaimus sp. 
D. eitersbergensis 
(= Thonus 
et(ersbergensissp). 
Discolaimus sp. 
Discolaimus sp. 
Bacteriophagous nematodes 
Meloidogyne sp. 
Chiloplacus symmetricus 
Rhabdilis sp,. 
Acrobeloides sp., 
Meloidogyne sp. 
Rotylenchulus reniformis 
Meloidogyne sp. 
Acrobeles sp. 
Eggs ofHeterodera schachtii 
Eggs of mites 
Eggs of//, schachtii 
Rhabditis sp., Cephalobus sp., 
Acrobeloides sp., Tylenchorhynchus 
mashhoodi. Hoplolaimus indicus* 
Helicotylenchus indicus.,* Hirsch-
manniella oryzae. 
Meloidogyne sp. 
Blue green algae {Chroococcus sp 
green algae {Chlorella vul-
garis,Teraedron sp.), globose 
cysts of ciliated infusorium 
(Drepanomonas sp.) ovoid conidta 
of fungus iCephalothecium sp.) 
Aphelenchus sp., 
Meloidogyne sp. 
Aphelenchu s sp. 
Linford & Oliviera, 
(1937). 
Small (1979) 
Bilgrami era/. (1985) 
Bilgrami (Unpublished) 
Linford & Oliviera 
(1937) 
Esser (1963j 
Cobb (1929) 
Cobb (1929; 
Thome & S-ranger, 
(1936) 
Shafqat eta/. (1987) 
Linford & Oliviera, 
(1937) 
HoUis (1957) 
Linford & Oliviera 
(1937) 
Esser (1963) 
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DLscolaimus sp.* 
Discolaimoides sp. 
Eudorylaimus sp. 
Eudorylaimus sp.* 
Labronema 
vulvapapillatum 
L. vulvapapillatum 
Labronema sp.* 
Laimydorus sp.* 
Mesodorylaimus sp.* 
Mesodorylaimus 
goodeyi * 
Neoactinolaimus 
duplicidentaius 
Nygolaimus sp. 
Thorma sp. 
Acrobeloides sp., Meloidogyne 
incognita 
— do — 
Algae, fungi, Bursaphetenchus 
xylopholus 
Acrobeloides sp. A/, incognita 
Aphelenchus avenae, Anguina 
triiici, Pratylenchuspene trans; * * 
Xiphinema index. 
Globodera rostochiensis, 
Meloidogyne naasi, Rhabditis 
oxycerca,** Panagrelludredivivus 
Rotylenchus fallorobustus.** 
Acrobeloides sp., M. incognita 
P.redivivus, R. oxycerca;** 
R.fallorobustus.** 
Acrobeloides sp., M. incognita 
Amoeba, sp. A. avenae. Tylenchulus 
semipenetrans 
Bilgrami (Unpublished) 
— do — 
Thome (1930) 
Bilgrami (Unpublished) 
Wyss& Grootaert 
(1977) 
Small & Grootaen, 
(1983) 
Bilgrami (Unpublished) 
Small & Grootaen 
(1983) 
Bilgrami (Unpublished) 
Boosalis &. Mankau, 
(1965) 
*Unideniified species, observations based on feeding in cultures. 
**Prey nematodes were neither wounded nor killed by the predators except species of 
Helicotylenchus where wounding took place but predators were repelled. 
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e> 
Introduction 
In the complex food chains that exist in the soil environment, nematodes may serve as 
prey to predacious protozoans or act as hosts to a variety of prokaryotic parasites. But 
sharing of the environment with a number of higher invertebrate groups further 
disposes the nematodes to depredation and parasitism. A number of soil invertebrates 
are known antagonists of nematodes and these could, perhaps, be useful in reducing 
their populations. Some of the better known predators belong to the minor phylum 
Tardigrada (tardigrades), the phyla Platyhelminthes (turbeilarians) and Arthropoda 
(collembolans and mites). Besides, nematodes are also known to be parasitic on other 
nematodes and earthworms play a part, although neither by prcdation nor parasitism, 
in suppressing nematode populations in the soil. 
Tardigrades 
Hutchinson and Strcu (1960) Tu-st observed an unidentified tardigrade feeding on 
Trichodorus aequalis and Tylenchus sp. These predators, also known as water bears, 
made distinct tears in the cuticle and remained firmly attached to the prey during the 
NE.MATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds.—M.S. Jairajpuri, M.M. Alam i I. 
Ahmad). CBS Publishen & Distributors, Delhi, India. 1990. 
-139-
645 
process of feeding. Similar obscrvaiions were also made by Doncastcr and Hooper 
(1961) while observing a species of Macrobiotus. This was not a very active predator 
but it could attach to moving nematodes without any preference for size. In a :ar plates, 
tardigrades failed to feed and cultures died out within a week (Esscr, 1%3). Sayre & 
Wergin (1979) concluded that the tardigrade Hypsibius myrops could reduce populations 
of Meloidogyneincogmia zndPanagrellusredivivus in moist sphagnum. 
Turbeilarians 
The effect of turbeilarians on soil nematode populations has not been elucidated to any 
great extent but the minute Adenoplea sp. has been observed feeding on nematodes. 
Small nematodes which were usually consumed within two minutes, were folded once 
before ingestion, but in larger ones ingestion usually started from one end (Sa>Te & 
Powers, 1966). Feeding was initiated after contact with the nematodes when the flatworm 
moved its venually located muscular pharynx over the prey and pulled it into its body 
(Sayre & Wergin, 1979). 
Galling on tomato roots was reduced if M. incognita and the turbellarian were 
inoculated 48 h before planting seelings. When reared on P. redivivus on an average ten 
eggs per day were produced over a nine day period but on M. incognita and Ditylenchus 
myceliophagous only one or two eggs were produced per day (Sayre & Powers, 1966). 
The inability of turbeilarians to move in the smaller pore spaces where nematodes are 
generally found may limit their role as agents of biological control. 
Earthworms 
It is an established fact that earthworms play an immensely important role in soil 
fertility. With a constant passage of soil through the gut of earthworms, it may be 
expected that a sizeable number of plant and soil nematodes will be consumed and this 
may lead to a reduction in their numbers. Studies on these aspects are too few to permit 
e> any sound conclusion on the role of earthworms in suppressing nematode populations. 
Live nematodes have been recorded from the pharynx and oesophagus of Lumbricus 
terrestis (Piearce & Phillips, 1980) and Dash et. at. (1980) observed a decrease in soil 
nematode populations of as much as 53.7% in three weeks in pot cultures. Although the 
percent decrease in population did not vary significantly when one, two or four worms 
were used, it was found that the reduction of predatory nematode populations was Ntry 
high, as much as 90% compared to the 47% of the plant parasitic nematodes over a six 
week period. In natural pastures, earthworms reduced nematode populations by 37-
66% in three soil types (Yeates, 1981). Despite such an overall decrease of the 
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nematodes, some plant parasites such as Dicylenchus sp. and Paracyienchus sp. in-
creased in numbers, this being attributed to their resistant stages. 
Clearly there is a dearth of information on this interesting aspect of nematodc-
earlhworm relationship and warrants further investigations on the ncmatode-
earthworm-soil environment interaction and interrelationship. 
Collembolans 
Collembolans arc generally found in large numbers in organic matter around roots 
(Sayre, 1971) and therefore, could have a good chance of encountering phytophagous 
and other soil nematodes. The collembolans have diverse feeding habits and some of 
Ihem are known lo be predatory. Brown (1954) first observed a collcmbolan, Isoioma 
sp., feeding on nematodes. Later, Murphy & Doncaster (1957) studied several genera 
of collembolans feeding on cyst nematodes. Of the many genera that they tested, 
Onychiurus armotus was the most active predator oiHeieroderdcrucifcrae but it also fed 
on dorylaims and mononchs. In H.cruciferae infested plots as many as SO'ft of the c>-sts 
were found to be perforated and the body contents absent (Murphy & Doncaster, 1957). 
Perforations in the cyst were usually made by the scraping action of the mandibles and 
it took several hours to accomplish. Once the cyst wall was bored, several individuals 
joined in the feeding process. In agar cultures, collembolans did not feed on nematodes 
but maintained themselves on bacterial masses (Esser, 1963). 
Mites 
The feeding of miles on nematodes was first observed by Linford & Oliveira (1938) when 
they found six types of mites to be predatory. Since then, the work on mites and their 
possible influence on soil nematode populations have been few. Rodriguez etal. (1962) 
were able to culture a predatory mite, Macrocheles sp. on Rhabdiiella sp. More recently, 
Muraoka & Ishibashi (1976) have identified 41 species of mites that could feed on 
Cephalobus sp. Of these, 34 species devoured the nematodes whole while seven sucked 
the body contents. The saccate adult forms of Heierodera glycines and Sfeloidogyne 
incognita were not devoured by the mites but their juveniles were consumed (Muraoka 
& Ishibashi, 1976). The ncostigmatid mite Lasioseius sculpatus also fed graciously on 
nematodes, capturing prey with their cheliccrae and ingesting them within a minute 
(Imbriani & Mankau, 1983). In cultures, increase in the mite populations resulted in a 
significant decline oi Aphelenchus avenae populations. Prcdation on nematodes by 
these mites appeared to be somewhat size-dependent and L. sculpatus fed equally well 
on A. avenae and Cephalobus sp., although the former is twice the size of the latter, the 
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still larger Diplenteron sp. was not killed as efficiently and it also frequently escaped from 
the hold of the mite (Imbriani & Mankau, 1983). 
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